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SEMICONDUCTOR FILM, METHOD FOR MANUFACTURING SEMICONDUCTOR 
FILM, SEMICONDUCTOR DEVICE, AND METHOD FOR MANUFACTURING 

SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0001] The present Invention relates to a semiconductor device 
including thin film transistors ( TFTs ) , and a method for manu- 
facturing the same. More particularly, the present invention 
relates to a semiconductor device including thin film transis- 
tors in which the active region is formed from a crystalline 
semiconductor film obtained by crystallizing an amorphous semi- 
conductor film, and a method for manufacturing the same. The 
semiconductor device of the present invention, having thin film 
transistors formed on an insulative surface such as a glass 
substrate, can be used in various applications such as active 
matrix liquid crystal display devices, organic EL display de- 
vices, contact image sensors, and three-dimensional ICs, and 
other suitable apparatuses . 

2 . Description of the Related Art 

[0002] In recent years, attempts have been made in the art to 
form high-performance semiconductor elements on an insulative 
substrate such as a glass substrate or an insulating film, aim- 
ing at realization of liquid crystal display devices and or- 
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ganic EL display devices having larger sizes and higher resolu- 
tions , contact image sensors operating at higher speeds with 
higher resolutions, three-dimensional ICs, etc. Particularly, 
a type of liquid crystal display device having the pixel sec- 
tion and the driving circuit on the same substrate is finding 
wide usage in various household appliances, in addition to a 
monitor of a personal computer (PC). For example, liquid crys- 
tal displays are used as television sets, replacing CRTs (Cath- 
ode-Ray Tubes), and front projectors are used for home 
entertainment applications such as for watching movies and for 
playing video games. Thus, the market for liquid crystal dis- 
play devices has been growing at a remarkable rate. Moreover, 
system-on-panel devices have been developed actively, in which 
logic circuits such as a memory circuit and a clock generation 
circuit are formed on a glass substrate. 

[0003] Displaying high-resolution images means an increase in 
the amount of data to be written to pixels, and the data needs 
to be written within a short time. Otherwise, it is not possi- 
ble to display a moving picture that has a very large amount of 
data for high-definition display. Therefore, TFTs used in a 
driving circuit are required to operate at a high speed. In 
order to achieve high-speed operations, there is a demand for 
forming the TFTs using a crystalline semiconductor film having 
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a desirable crystallinity , with which it is possible to obtain 
a high field-effect mobility. 

[0004] The present inventors have developed a method for ob- 
taining a desirable crystalline semiconductor film on a glass 
substrate. In this method, a metal element capable of promot- 
ing crystallization is added to an amorphous semiconductor 
film, which is then subjected to a heat treatment. With this 
method, a desirable semiconductor film having a uniform crystal 
orientation can be obtained through a heat treatment performed 
at a lower temperature and for a shorter time than other con- 
ventional methods. 

[0005] However, when a silicon film crystallized with a cata- 
lyst element is used as it is as the semiconductor layer of a 
TFT, the TFT will have an abrupt increase in the off -state cur- 
rent. The catalyst element irregularly segregates in the semi- 
conductor film, and the segregation is significant at crystal 
grain boundaries. It is believed that the segregation of the 
catalyst element creates leak paths for a current, resulting in 
the abrupt increase in the off -state current. Therefore, after 
the formation of the crystalline silicon film, it is necessary 
to reduce the catalyst element concentration in the semiconduc- 
tor film by moving the catalyst element out of the semiconduc- 
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tor film. The step of removing the catalyst element will be 
hereinafter referred to as a "gettering process". 

[0006] Various types of gettering processes and methods have 
been proposed in the art . 

[0007] For example, Japanese Laid-Open Patent Publication No. 
8-213317 discloses a technique of forming an amorphized region 
in a silicon material that has been crystallized by using a 
catalyst element, and subjecting the silicon material to a heat 
treatment so that the catalyst element is moved (gettered) into 
lattice defects in the amorphized region. The publication dis- 
closes one method in which the amorphous region (gettering re- 
gion) is formed outside the semiconductor element region, and 
another method in which the source/drain region of the TFT is 
used as the amorphous region (gettering region). When the 
source/drain region is used as the gettering region, the manu- 
facturing process can be simplified. However, the method re- 
quires an additional step of activating the source/drain region 
with laser light, or the like, since an amorphous region as it 
is cannot function as a source/drain region. 

[0008] Japanese Laid-Open Patent Publication No. 10-270363 
discloses a technique of selectively introducing a group VB 
element such as phosphorus into a portion of a silicon material 
that has been crystallized by using a catalyst element, and 
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subjecting the silicon material to a heat treatment so that the 
catalyst element is moved (gettered) into the region where the 
group VB element has been introduced (gettering region). As 
the catalyst element is gettered into the region where the 
group VB element has been introduced, there is created a region 
where the catalyst element concentration is lowered (hereinaf- 
ter referred to also as "low-catalyst-concentration region" ), 
and this region is used to form the active region of the semi- 
conductor element (TFT). 

[0009] Japanese Laid-Open Patent Publication No. 9-107100 dis- 
closes a method in which a silicide component of the catalyst 
element is selectively etched away by using hydrofluoric acid. 

[0010] The conventional gettering processes, including those 
disclosed in the three publications mentioned above, have vari- 
ous problems such as the provision of additional steps for the 
gettering process, which complicates the manufacturing process 
and increases the load on the manufacturing apparatus, thereby 
increasing the cost . 

[0011] However, the most serious problem which has not been 
recognized or addressed to date, is that the conventional meth- 
ods do not provide a sufficient gettering effect, and are not 
capable of sufficiently lowering the amount of the catalyst 
element remaining in the channel region of the TFT. That is, 
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the conventional gettering methods consistently left catalyst 
in the channel region and did not address the fact that there 
were several different types of catalyst (e.g. Si, Ni, NiSi, 
Ni 2 Si) remaining in the channel region that had to be removed 
to avoid serious problems with the resulting semiconductor 
films and elements (TFTs). 

[0012] One of the simplest methods may be to etch away the 
catalyst element in the silicon film by using hydrofluoric 
acid, as disclosed in Japanese Laid-Open Patent Publication No. 
9-107100. The present inventors have actually examined the 
amount of the catalyst element remaining after the gettering 
process of Japanese Laid-Open Patent Publication No. 9-107100, 
and discovered and confirmed through experiment that about one 
half of the catalyst element introduced into the silicon film 
remains unremoved. Even if the concentration of hydrofluoric 
acid is increased or the etching time is extended, the process 
reaches saturation when about one half of the catalyst element 
is removed, and the amount of the catalyst element cannot be 
reduced any further. Thus, the present inventors discovered 
and confirmed that this conventional gettering method is capa- 
ble only of reducing the catalyst element concentration to 
about one half of that at the time of introduction of the cata- 
lyst element. As TFTs were produced with this method, about 
10% to 20% (in terms of the number of products) of all the TFTs 



produced were defective with significant off -state leak cur- 
rent. This corresponds to 100,000 to 200,000 defective TFTs in 
an active matrix substrate (a form of semiconductor device) 
having 1,000,000 TFTs. Also about 10% to 20% of all the refer- 
ence TFTs, produced with no gettering process at all, were de- 
fective with significant leak current, indicating that with the 
method disclosed in Japanese Laid-Open Patent Publication No. 
9-107100 alone, the gettering process is not effective at all 
in improving the device characteristics. 

[0013] In contrast, when a gettering region is formed by in- 
troducing a "gettering element" (the term "gettering element" 
as used herein refers to an element capable of attracting the 
catalyst element) such as an amorphous element or phosphorus so 
that the catalyst element in the silicon film is moved into the 
gettering region, as disclosed in Japanese Laid-Open Patent 
Publication No. 8-213317 or Japanese Laid-Open Patent Publica- 
tion No. 10-270363, the present inventors discovered and con- 
firmed that the amount of the catalyst element can be reduced 
by one order of magnitude or more. However, as TFTs were pro- 
duced with the methods disclosed in these publications, there 
were defective TFTs with significant off-state leak current at 
a defect rate on the order of 0.1 to 1% for both of the meth- 
ods, with a slight difference between their gettering effects 
due to the difference in the method of forming the gettering 
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region. As about 10% to 20% of all the reference TFTs, pro- 
duced with no gettering process at all, were defective with 
significant leak current, it can be seen that the methods of 
these publications clearly provide some gettering effect, im- 
proving the device characteristics. Nevertheless, there still 
are defective TFTs with significant leak current at a defect 
rate on the order of 1% even with these methods. This corre- 
sponds to some tens of thousands of defective TFTs in an active 
matrix substrate having 1,000,000 TFTs. 

[0014] Thus, with the conventional gettering techniques, one 
needs to expect a TFT defect rate at least on the order of 
0.1%, which is the lowest rate in the present inventors' ex- 
perimental data. If an active matrix substrate for a liquid 
crystal or organic EL display device is produced with such a 
TFT defect rate, some pixel TFTs will have off -state leak cur- 
rent, resulting in bright spots (point defects), and the driver 
(driving circuit) section will have a line defect due to leak 
current in the sampling TFT section. As a result, the panel 
production yield will be decreased significantly. 

[0015] An analysis has confirmed that a defective TFT with 
significant off -state leak current contains masses of a sili- 
cide of the catalyst element at the junction between the chan- 
nel region and the drain region. Thus, the primary cause of 
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the defect is the segregation of the catalyst element, and the 
secondary cause is the gettering of the catalyst element being 
insufficient. With the conventional techniques of the publica- 
tions mentioned above, the catalyst element is not gettered 
sufficiently, a problem which was not recognized previously but 
was discovered and confirmed by the present inventors. Thus, 
even though these conventional gettering techniques are capable 
of producing some high-performance TFTs . with such high defect 
rates and poor reliabilities, they cannot be used for mass pro- 
duction. 

SUMMARY OF THE INVENTION 
[0016] In order to overcome the problems described above, pre- 
ferred embodiments of the present invention provide a high- 
quality crystalline semiconductor film, and a semiconductor de- 
vice with TFTs having very desirable characteristics obtained 
by using the crystalline semiconductor film, and also provide a 
manufacturing method capable of manufacturing such a semicon- 
ductor device at low cost without increasing the manufacturing 
steps . 

[0017] An inventive semiconductor film is a semiconductor film 
formed on an insulative surface, wherein the semiconductor film 
is crystalline, includes a catalyst element capable of promot- 
ing crystallization of a semiconductor material of the semicon- 
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duct or film, and includes at least one region having a plural- 
ity of minute holes. The at least one region may be substan- 
tially the entire region of the semiconductor film, or may be a 
plurality of regions thereof corresponding to those regions 
that are to be active regions (at least channel regions). 

[0018] In a preferred embodiment, the at least one region of 
the semiconductor film includes substantially no higher semi- 
conductor compound of the catalyst element, and the catalyst 
element is present in a form of solid solution in the crystal- 
line semiconductor film. 

[0019] In a preferred embodiment, the semiconductor film is 
substantially made of Si, the catalyst element is a metal ele- 
ment M, and the higher semiconductor compound has a composition 
of M x Si y (x>y) . 

[0020] In a preferred embodiment, the at least one region of 
the semiconductor film includes substantially no lower semicon- 
ductor compound of the catalyst element. 

[0021] In a preferred embodiment, the semiconductor film is 
substantially made of Si, the catalyst element is a metal ele- 
ment M, and the lower semiconductor compound has a composition 

of M x Si y (x^ y) . 
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[0022] In a preferred embodiment, a concentration of the cata- 
lyst element in the at least one region of the semiconductor 
film is about lxlO 17 atoms/cm 3 or less. 

[0023] Another inventive semiconductor film is a semiconductor 
film formed on an insulative surface, wherein the semiconductor 
film includes an active region' formed from a crystalline semi- 
conductor layer and including a catalyst element capable of 
promoting crystallization of a semiconductor material of the 
semiconductor film, the active region includes a first region, 
and a pair of second regions that are formed adjacent to and on 
opposite sides of the first region, and the first region of the 
crystalline semiconductor layer includes a plurality of minute 
holes. 

[0024] In a preferred embodiment, the first region includes 
substantially no higher semiconductor compound of the catalyst 
element, and the catalyst element is in a form of solid solu- 
tion in the crystalline semiconductor layer. 

[0025] In a preferred embodiment, the crystalline semiconduc- 
tor layer is substantially made of Si, the catalyst element is 
a metal element M, and the higher semiconductor compound has a 
composition of M x Si y (x>y) . 
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[0026] In a preferred embodiment, the first region includes 
substantially no lower semiconductor compound of the catalyst 
element . 

[0027] In a preferred embodiment, the crystalline semiconduc- 
tor layer is substantially made of Si, the catalyst element is 
a metal element M, and the lower semiconductor compound has a 

composition of M x Si y (x= y) . 

[0028] In a preferred embodiment, a concentration of the cata- 
lyst element in the first region is about lxlO 17 atoms/cm 3 or 
less . 

[0029] In a preferred embodiment, a concentration of the cata- 
lyst element in the pair of second regions is higher than that 
in the first region. 

[0030] In a preferred embodiment, a concentration of the cata- 
lyst element in the pair of second regions is in a range of 
about lxlO 18 atoms/cm 3 to about lxlO 20 atoms/cm 3 . 

[0031] In a preferred embodiment, the pair of second regions 
of the crystalline semiconductor layer include a plurality of 
minute holes. 



[0032] In a preferred embodiment, the pair of second regions 
of the crystalline semiconductor layer include substantially no 
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higher semiconductor compound of the catalyst element, and the 
catalyst element is in a form of solid solution in the crystal- 
line semiconductor layer. 

[0033] In a preferred embodiment, the crystalline semiconduc- 
tor layer is substantially made of Si, the catalyst element is 
a metal element M, and the higher semiconductor compound has a 
composition of M x Si y (x>y) . 

[0034] In a preferred embodiment, the pair of second regions 
include substantially no lower semiconductor compound of the 
catalyst element . 

[0035] In a preferred embodiment, the crystalline semiconduc- 
tor layer is substantially made of Si, the catalyst element is 
a metal element M, and the lower semiconductor compound has a 

composition of M x Si y (x=i y) . 

[0036] In a preferred embodiment, a concentration of the cata- 
lyst element in the pair of second regions is about IxlO 17 at- 
oms/cm 3 or less. 

[0037] In a preferred embodiment, the pair of second regions 
include a group VB impurity element giving n-type conductivity. 
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[0038] In a preferred embodiment, the active region includes 
the first region, the pair of second regions, and a gettering 
region capable of attracting the catalyst element. 

[0039] In a preferred embodiment, a concentration of the cata- 
lyst element in the gettering region is higher than that in the 
first region. 

[0040] In a preferred embodiment , a concentration of the cata- 
lyst element in the gettering region is in a range of about 
lxlO 18 atoms/cm 3 to about lxlO 20 atoms/cm 3 . 

[0041] In a preferred embodiment, a concentration of the cata- 
lyst element in the gettering region is higher than that in the 
first region and that in the pair of second regions. 

[0042] In a preferred embodiment, the gettering region has a 
larger amorphous component content than in the first region and 
in the pair of second regions . 

[0043] In a preferred embodiment, the gettering region in- 
cludes a group VB impurity element giving n-type conductivity 
and a group IIIB impurity element providing p-type conductiv- 
ity. 
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[0044] In a preferred embodiment, the gettering region in- 
cludes at least one rare gas element selected from the group 
consisting of Ar, Kr and Xe. 

[0045] In a preferred embodiment , the plurality of minute 
holes are formed as a result of removing masses of a semicon- 
ductor compound of the catalyst element. 

[0046] In a preferred embodiment diameters of the plurality 
of minute holes are in a range of about 0.05 H m to about 1.0 
Mm. 

[0047] In a preferred embodiment, an average surface roughness 
Ra of the crystalline semiconductor layer is in a range of 
about 4 nm to about 9 nm at least in the first region. 

[0048] In a preferred embodiment, the catalyst element is at 
least one metal element selected from the group consisting of 
Ni, Co, Sn, Pb, Pd, Fe and Cu. 

[0049] An inventive method for manufacturing a semiconductor 
film includes the steps of: (a) forming an amorphous semicon- 
ductor layer on an insulative surface; (b) adding a catalyst 
element capable of promoting crystallization to the amorphous 
semiconductor layer and then performing a first heat treatment 
so as to crystallize the amorphous semiconductor layer, thereby 
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obtaining a crystalline semiconductor layer; (c) performing a 
first gettering process to remove the catalyst element from the 
semiconductor layer; and (d) performing a second gettering 
process that is different from the first gettering process to 
remove the catalyst element from the semiconductor layer, 

[0050] The first gettering process of step (c) preferably in- 
cludes removing at least large masses of a semiconductor com- 
pound of the catalyst element present in the crystalline 
semiconductor layer . 

[0051] The second gettering process of step (d) preferably in- 
cludes moving at least a portion of the catalyst element re- 
maining in the crystalline semiconductor layer so as to form a 
low-catalyst -concentration region in the crystalline semicon- 
ductor layer, the low-catalyst -concentration region having a 
lower catalyst element concentration than in other regions. 

[0052] In a preferred embodiment, the step (c) includes a step 
of removing a higher semiconductor compound of the catalyst 
element, and the low-catalyst -concentration region includes 
substantially no higher semiconductor compound. 

[0053] In a preferred embodiment, the crystalline semiconduc- 
tor layer is substantially made of Si, the catalyst element is 
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a metal element M, and the higher semiconductor compound has a 
composition of M x Si y (x>y) . 

[0054] In a preferred embodiment, the step (d) includes a step 
of moving the catalyst element forming a lower semiconductor 
compound of the catalyst element, and the low-catalyst- 
concentration region includes substantially no lower semicon- 
ductor compound. 

[0055] In a preferred embodiment, the crystalline semiconduc- 
tor layer is substantially made of Si, the catalyst element is 
a metal element M, and the lower semiconductor compound has a 

composition of M x Si y (x^ y) . 

[0056] In a preferred embodiment, the step (d) includes a step 
of moving the catalyst element present in a form of solid solu- 
tion in the crystalline semiconductor layer. 

[0057] In a preferred embodiment, the step (c) includes a step 
of selectively etching away a semiconductor compound of the 
catalyst element . 

[0058] In a preferred embodiment, the etching process in the 
step (c) is performed by using acid including at least hydrogen 
fluoride as an etchant. 



17 



[0059] In a preferred embodiment, the step (d) includes a step 
of dissolving, in the crystalline semiconductor film, the cata- 
lyst element forming a semiconductor compound of the catalyst 
element remaining in the crystalline semiconductor film. 

[0060] In a preferred embodiment, the step (d) includes a step 
of forming a gettering region or a gettering layer capable of 
attracting the catalyst element, and a step of performing the 
second heat treatment so that the catalyst element remaining in 
the crystalline semiconductor film is moved into the gettering 
region or the gettering layer. 

[0061] In a preferred embodiment, the gettering region or the 
gettering layer has a larger amorphous component content than 
in other regions of the crystalline semiconductor film. 

[0062] In a preferred embodiment, the gettering region or the 
gettering layer includes a group VB impurity element giving n- 
type conductivity. 

[0063] In a preferred embodiment, the impurity element in- 
cludes at least one element selected from the group consisting 
of P, As and Sb. 

[0064] In a preferred embodiment, the gettering region or the 
gettering layer includes a group 1 1 IB impurity element giving 
p-type conductivity. 
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[0065] In a preferred embodiment, the impurity element in- 
cludes at least one of B and Al. 

[0066] In a preferred embodiment, the gettering region or the 
gettering layer includes at least one rare gas element selected 
from the group consisting of Ar, Kr and Xe. 

[0067] In a preferred embodiment, the impurity element and/or 
the at least one rare gas element included in the gettering re- 
gion or the gettering layer are introduced by an ion implanta- 
tion method. 

[0068] In a preferred embodiment, the method further includes 
a step of removing the gettering region or the gettering layer 
after the step (d). 

[0069] In a preferred embodiment, the step (b) includes a step 
of selectively adding the catalyst element to a region of the 
amorphous semiconductor film and then performing the first heat 
treatment so that a crystal growth process proceeds laterally 
from the region to which the catalyst element has been selec- 
tively added. 

[0070] In a preferred embodiment, the step (b) includes a step 
of irradiating the crystalline semiconductor film with laser 
light after the first heat treatment. 
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[0071] In a preferred embodiment, the step (c) includes a step 
of selectively etching away a semiconductor compound of the 
catalyst element; and the etching step is performed after the 
first heat treatment step and before the laser light irradia- 
tion step in the step (b), and serves also as a surface clean- 
ing step. 

[0072] In a preferred embodiment, the step (b) includes a step 
of forming an insulating film on the crystalline semiconductor 
film after the first heat treatment step; the step (c) includes 
a step of selectively etching away a semiconductor compound of 
the catalyst element; and the etching step is performed after 
the first heat treatment step and before the insulating film 
formation step in the step (b) , and serves also as a surface 
cleaning step. 

[0073] In a preferred embodiment, the catalyst element is at 
least one metal element selected from the group consisting of 
Ni, Co, Sn, Pb, Pd, Fe and Cu. 

[0074] Another inventive method for manufacturing a semicon- 
ductor device includes the steps of providing a semiconductor 
film manufactured by any of the methods for manufacturing a 
semiconductor film set forth above, and producing a thin film 
transistor including the semiconductor film in an active region 
thereof . 
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[0075] In a preferred embodiment, the active region includes a 
channel region, a source region and a drain region; and the 
step of producing the thin film transistor includes a step of 
forming at least the channel region in the low-catalyst- 
concentration region. 

[0076] In a preferred embodiment, the step of producing the 
thin film transistor includes a step of forming the channel re- 
gion, the source region and the drain region in the low- 
catalyst -concentration region. 

[0077] An inventive semiconductor device includes a thin film 
transistor including any of the semiconductor films set forth 
above in an active region thereof. 

[0078] In a preferred embodiment, the active region includes a 
channel region, a source region and a drain region, and at 
least the channel region is formed in the first region. 

[0079] In a preferred embodiment, the channel region, a junc- 
tion region between the channel region and the source region, 
and a junction region between the channel region and the drain 
region are formed in the first region. 

[0080] In a preferred embodiment, the junction region between 
the channel region and the source region, and the junction re- 
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gion between the channel region and the drain region are each 
extending within about 2 lira from a junction boundary thereof. 

[0081] In a preferred embodiment, the active region includes a 
channel region, a source region and a drain region, the channel 
region is formed in the first region, and the source region and 
the drain region are formed in the pair of second regions. 

[0082] In a preferred embodiment, the semiconductor device 
further includes a gate insulating film formed on the semicon- 
ductor film over the channel region, and a gate electrode 
formed so as to oppose the channel region via the gate insulat- 
ing film; and the gate electrode is formed from a metal film 
including at least one element selected from the group consist- 
ing of W f Ta, Ti and Mo. 

[0083] An inventive electronic device includes any of the 
semiconductor devices set forth above. 

[0084] In a preferred embodiment, the electronic device fur- 
ther includes a display section including a plurality of pix- 
els, wherein a display signal is supplied to each of the 
plurality of pixels via the semiconductor device. The elec- 
tronic device including a display section may be, for example, 
an active matrix liquid crystal display device or an organic EL 
display device, or any other suitable device including a semi- 
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conductor device according to preferred embodiments of the pre- 
sent invention. 

[0085] Other features, elements, characteristics, steps and 
advantages of the present invention will become more apparent 
from the following detailed description of preferred embodi- 
ments with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0086] FIG. 1A to FIG. II are schematic cross -sectional views 
illustrating steps for manufacturing a semiconductor device ac- 
cording to a first preferred embodiment of the present inven- 
tion. 

[0087] FIG. 2A to FIG. 21 are schematic cross-sectional views 
illustrating steps for manufacturing a semiconductor device ac- 
cording to a second preferred embodiment of the present inven- 
tion. 

[0088] FIG. 3A to FIG. 3E are schematic cross-sectional views 
illustrating steps for manufacturing a semiconductor device ac- 
cording to a third preferred embodiment of the present inven- 
tion. 

[0089] FIG. 4A to FIG. 4D are schematic cross -sectional views 
illustrating steps for manufacturing a semiconductor device ac- 
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cording to the third preferred embodiment of the present inven- 
tion (continued from FIG. 3E) . 

[0090] FIG. 5A to FIG. 5F are schematic cross-sectional views 
illustrating steps for manufacturing a semiconductor device ac- 
cording to a fourth preferred embodiment of the present inven- 
tion. 

[0091] FIG. 6A to FIG. 6D are schematic cross-sectional views 
illustrating steps for manufacturing a semiconductor device ac- 
cording to the fourth preferred embodiment of the present in- 
vention (continued from FIG. 5F). 

[0092] FIG. 7A to FIG. 7F are schematic cross-sectional views 
illustrating steps for manufacturing a semiconductor device ac- 
cording to the fifth preferred embodiment of the present inven- 
tion. 

[0093] FIG. 8A to FIG. 8D are schematic cross -sectional views 
illustrating steps for manufacturing a semiconductor device ac- 
cording to the fifth preferred embodiment of the present inven- 
tion (continued from FIG. 7F) . 

[0094] FIG. 9A to FIG. 9E are schematic cross -sectional views 
illustrating steps for manufacturing a semiconductor device ac- 
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cording to a sixth preferred embodiment of the present inven- 
tion. 

[0095] FIG. 10A to FIG. 10D are schematic diagrams each illus- 
trating an alternative arrangement of gettering regions accord- 
ing to a seventh preferred embodiment of the present invention. 

[0096] FIG. 11A and FIG. 11B are schematic diagrams each il- 
lustrating an alternative arrangement of gettering regions ac- 
cording to the seventh preferred embodiment of the present 
invention. 

[0097] FIG. 12A and FIG. 12B are schematic diagrams each il- 
lustrating a configuration of a semiconductor device according 
to a eighth preferred embodiment of the present invention. 

[0098] FIG. 13 is a schematic diagram illustrating a gettering 
mechanism for use in a method for manufacturing a semiconductor 
film according to various preferred embodiments of the present 
invention. 

[0099] FIG. 14 is a graph illustrating the relationship be- 
tween the gettering annealing time and the gettering distance. 

[0100] FIG. 15 is a graph illustrating the relationship be- 
tween the temperature used in the crystallization heat treat- 
ment and the gettering distance. 
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[0101] FIG. 16 shows optical microscope images of crystalline 
silicon films in which Ni silicide masses have been visualized 
(as voids) by being etched away using hydrofluoric acid after 
the crystallization heat treatment. 

[0102] FIG. 17 is a schematic diagram illustrating the mecha- 
nism of how Ni silicide masses dissolve into solid solution. 

[0103] FIG. IS is a graph illustrating the relationship be- 
tween the treatment time of the hydrofluoric acid treatment on 
the surface of a silicon film that has been crystallized with a 
catalyst element, and the Ni concentration on the surface of 
the silicon film. 

[0104] FIG. 19 is a scanning electron microscope (SEM) image 
illustrating a silicon film crystallized with Ni after Ni sili- 
cide masses have been etched away. 

[0105] FIG. 20A to FIG. 20C are diagrams illustrating the 
crystal orientation of the crystalline semiconductor film ob- 
tained by various preferred embodiments of the present inven- 
tion. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0106] The present inventors conducted an in-depth study con- 
cerning the mechanism of the gettering techniques disclosed in 
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the publications mentioned above, and concerning the reasons 
why these techniques cannot provide sufficient gettering and 
consistently fail to completely remove the catalyst elements 
from the channel region. As a result, the present inventors 
have not only discovered the fact that the gettering techniques 
described above fail to completely remove the catalyst element, 
but have also successfully identified the cause of such fail- 
ure, and based on these discoveries, have developed the present 
invention. The process of identifying the cause of the fail- 
ures of the previous gettering processes, the results thereof, 
and preferred embodiments of the present invention, will now be 
described. 

[0107] Consider a method in which a catalyst element in a 
silicon film is moved into the gettering region, where the 
catalyst element is nickel, as disclosed in Japanese Laid-Open 
Patent Publication No. 8-213317 or Japanese Laid-Open Patent 
Publication No. 10-270363. The movement of nickel can be mod- 
eled in terms of the diffusion migration of nickel. However, 
based simply on the diffusion coefficient of nickel, the move- 
ment of nickel should be completed by a heat treatment for a 
very short period of time. However, the movement of nickel ac- 
tually requires an annealing step at a high temperature for a 
long period of time, which is not consistent at all with a cal- 
culation based on the diffusion coefficient. In practice, not 
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all of the nickel is present in solid solution in the silicon 
film, but the majority thereof is precipitated. Taking this 
into consideration, consider another model assuming that diffu- 
sion migration occurs only for a portion of nickel up to an 
amount corresponding to the solid solubility of nickel in the 
silicon film. This model will now be described with reference 
to FIG. 13. 

[0108] As illustrated in FIG. 13, this is a model in which an 
Ni silicide mass first dissolves into interstitial Ni atoms, 
which then move through the silicon film. In FIG. 13, a line 
901 represents the Ni concentration in the silicon film, and a 
line 902 represents the solid solubility of Ni . A region 906 
is a region that has not yet been gettered, where Ni 903 ex- 
ceeding the solid solubility 902 is precipitated as Ni silicide 
masses. A region 907 is a region that has been gettered, where 
the Ni concentration 901 is less than or equal to the solid 
solubility 902. A region 908 is a gettering site (gettering 
region), where it is assumed that the gettering capability is 
infinite and the Ni concentration is zero. Thus, as illus- 
trated in FIG. 13, an Ni concentration gradient 904 occurs at 
concentrations less than or equal to the solid solubility 902 
at a temperature of the gettering heat treatment, with the 
amount of Ni silicide gradually decreasing through the diffu- 
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slon migration of Ni in a direction 905 toward the gettering 
site 908. As a result, the gettering distance from the getter- 
ing site (the width of the region 907) increases gradually. 
This phenomenon is quite consistent with the actual experimen- 
tal results. 

[0109] Based on this theory, the gettering distance (the 
width of the region 907) can be represented by the following 
expression, indicating that the gettering distance L increases 
gradually over time t. In the expression below, C 0 is the 
solid solubility of Ni in the silicon film, and D is the diffu- 
sion coefficient of Ni in the silicon film, each being a func- 
tion of the temperature T. Ci is the original Ni concentration 
in the silicon film. 

[0110] L=V r " (2Co-D-t/d) 

[0111] FIG. 14 shows a curve 911 obtained by calculation 
based on this expression. In FIG. 14, it is assumed that the 
gettering heat treatment is performed at 550° C. The curve 911 
based on the expression above indicates that the gettering dis- 
tance increases gradually with respect to the gettering heat 
treatment time. FIG. 14 also shows plotted points 912 each 
representing an experimental gettering distance. In the ex- 
periment, residual Ni silicide masses were etched away with hy- 
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drofluoric acid, and the gettering distance was determined 
based on the presence/absence of etch pits. The gettering re- 
gion was doped with boron in addition to phosphorus so as to 
enhance the gettering capability thereof. The gettering heat 
treatment was performed at 550° C. As can be seen from FIG. 14, 
the experimental data 912 and the theoretical data 911 are 
quite consistent with each other, suggesting that the theory 
about the gettering migration of Ni as described above is quite 
correct . 

[0112] However, the theoretical data on the gettering dis- 
tance often fails to match with experimental data for various 
conditions. One such condition is the gettering capability of 
the gettering region being insufficient, where the experimental 
data diverges from the theoretical data, which is obtained 
while assuming that the gettering capability is infinite. How- 
ever, what is really a problem is that there are cases where 
the experimental gettering distance is significantly shorter 
than the theoretical gettering distance even if the gettering 
region is formed with a sufficient gettering capability. This 
is the fundamental cause of the problem with the conventional 
techniques, i.e., the catalyst element cannot be gettered suf- 
ficiently, thereby failing to completely suppress the abnormal 
off -state leak current for some TFTs. 
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[0113] The present inventors studied the cause, and found 
that the temperature used for the crystal growth with the addi- 
tion of a catalyst element is a significant factor. The 
experimental results are shown in FIG, 15. The gettering heat 
treatment was performed at 550° C for 4 hours, and the gettering 
distance was examined by the method described above. The hori- 
zontal axis represents the temperature used in the heat treat- 
ment for crystallization with a catalyst element (the first 
heat treatment). The heat treatment time is fixed to 4 hours. 
While a gettering distance 921 calculated based on the theory 
as described above is constant at about 20 /x m irrespective of 
the crystallization temperature, an experimental gettering dis- 
tance 922 is substantially dependent on the temperature used in 
the crystallization heat treatment, and is decreased signifi- 
cantly as the temperature used in the crystallization heat 
treatment is increased. 

[0114] It is believed that this is because the segregation of 
Ni silicide after the crystal growth varies depending on the 
temperature used in the crystallization heat treatment. FIG. 
16 shows optical microscope images each obtained by etching 
away and thus visualizing (as voids) Ni silicide masses with 
hydrofluoric acid, after the crystallization heat treatment. 
Black spots in these images are visualized etch pits (minute 
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holes) produced by etching away Ni silicide masses and signifi- 
cantly damaging the base layer. The three images are for dif- 
ferent crystallization annealing temperatures of 550° C, 575° C 
and 600° C, respectively. There appears to be a tendency that 
the higher the annealing temperature is , the larger the Ni 
silicide etch pits are. Thus, it is believed that the size of 
the individual Ni silicide mass is generally larger as the tem- 
perature used in the crystallization heat treatment is higher. 

[0115] In practice, masses of Ni silicide (a semiconductor 
compound of a catalyst element) present in the film after the 
crystal growth have various sizes. Some are particularly 
large, and some are relatively small. The crystal growth tem- 
perature influences the overall (average) size of the Ni sili- 
cide masses. With the conventional techniques, a TFT defect 
rate on the order of 0.1% occurs, thus failing to realize a 
sufficient production yield, even if the crystallization is 
performed at a temperature of 550° C or less. Although the 
crystallization temperature is not the primary factor of the 
present invention, the experiment on the crystallization tem- 
perature described above provides important hint for solving 
the problems in the prior art described above. 

[0116] That is, Ni-induced TFT defects still occur under con- 
ditions such that the catalyst element is apparently gettered 
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completely, because of the various sizes of Ni silicide masses 
present in the film. This mechanism will now be described with 
reference to FIG. 17. In FIG. 17, a circle 931 schematically 
represents a large Ni silicide mass, and a circle 932 schemati- 
cally represents a small Ni silicide mass. In the model of 
gettering migration described above with reference to FIG. 13, 
an Ni silicide mass first dissolves into interstitial Ni atoms, 
which then move through the silicon film. Thus, in order to 
getter Ni, it is necessary to first dissolve Ni silicide masses 
into interstitial Ni atoms in the silicon film. In the above 
expression obtained based on this model, the amount of time re- 
quired for dissolving Ni silicide masses is calculated based 
only on the initial concentration. However, Ni silicide masses 
actually dissolve two-dimensionally , as indicated by arrows 933 
in FIG. 17. Therefore, the dissolving time differs for differ- 
ent silicide masses depending on their sizes (radii 934). Dis- 
solving a silicide mass having a larger radius R requires a 
longer heat treatment. Thus, in order to determine the amount 
of time that is actually required for the gettering process, a 
term for determining the dissolving time dependent on the sili- 
cide mass radius 934 needs to be added to the expression. 

[0117] The fundamental cause of the problem with the conven- 
tional techniques was found to be that when there is a particu- 
larly large Ni silicide mass, which takes a long time to 
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dissolve, it will still remain as an Ni silicide mass after a 
predetermined heat treatment time although the size thereof de- 
creases gradually during the gettering heat treatment. Thus, 
such an Ni silicide mass is not apparently gettered completely. 
Ni silicide masses of various sizes are present in the film af- 
ter the crystal growth, and some silicide masses of particu- 
larly large sizes cannot be gettered sufficiently with the 
conventional techniques, resulting in a TFT defect rate on the 
order of 0.1%. 

[0118] An effective method for removing such large Ni sili- 
cide masses is to selectively etch away the Ni silicide masses 
with hydrofluoric acid. FIG. 18 shows the relationship between 
the amount of time for a hydrofluoric acid treatment on the 
surface of a silicon film crystallized with a catalyst element, 
and the Ni concentration on the surface of the silicon film. 
The Ni concentration on the surface of the silicon film was 
measured by a total reflection X-ray fluorescence (TRXRF) 
method. With the TRXRF method, an approximately 10 -run outer- 
most layer of the silicon film is examined. The concentration 
of the hydrofluoric acid used is preferably about 1%. Although 
the Ni concentration on the surface of the silicon film de- 
creases as the hydrofluoric acid treatment time is extended, 
the effect saturates at a certain point, beyond which the con- 
centration will not be further decreased by extending the 
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treatment time. The Ni concentration at the saturation point 
is about one half of the initial concentration. Hydrofluoric 
acid selectively etches away Ni silicide, and does not etch 
away metal Ni. With respect to the composition of Ni silicide, 
the etching rate is high for a higher silicide (NiSi 2 ), and is 
low for other lower silicides (such as Ni 2 Si and NiSi) . As a 
result , higher Ni silicide masses having relatively large sizes 
and a stable composition ( NiSi2 } can be removed to some extent, 
whereas smaller silicide masses or lower silicide masses cannot 
be removed. Therefore, the effect of decreasing the Ni concen- 
tration saturates at about one half of the initial concentra- 
tion, and it has been found that this method alone provides 
substantially no effect in reducing the TFT defect rate. After 
this treatment, the silicon film has holes where Ni silicide 
masses have been etched away. This is shown in FIG. 19. FIG. 
19 is a scanning electron microscope (SEM) image. 

[0119] Based on the experimental results described above, the 
present inventors developed a method of performing a multi- 
stage gettering process including a plurality of gettering 
steps while clearly specifying the object to be gettered at 
each stage, each gettering step being suited to the type and 
the state of the gettering object at that stage. Specifically, 
large NiSi 2 masses, which are difficult to getter with the con- 
ventional methods, are removed in one step, followed by another 
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separate step of gettering the remaining small NiSi 2 masses 
and/or lower silicide masses, etc. This method proved to pro- 
duce a significant synergistic effect, and the present inven- 
tors successfully gettered substantially all of the catalyst 
element. An active matrix liquid crystal display device in- 
cluding TFTs that were produced by using a crystalline semicon- 
ductor film obtained by this method had substantially no 
catalyst element - induced defects, thus achieving a high produc- 
tion yield that had not been achieved before. 

[0120] Specifically, a method for manufacturing a semiconduc- 
tor film of the present invention includes: (a) a first step of 
forming an amorphous semiconductor layer on an insulative sur- 
face; (b) a second step of adding a catalyst element capable of 
promoting crystallization to the amorphous semiconductor layer 
and then performing a first heat treatment so as to crystallize 
the amorphous semiconductor layer, thereby obtaining a crystal- 
line semiconductor layer; (c) a third step (first gettering 
step) of performing a first getting process to remove the cata- 
lyst element from the amorphous semiconductor layer; and (d) a 
fourth step (second gettering step) of performing a second get- 
tering process that is different from the first gettering proc- 
ess to remove the catalyst element from the amorphous 
semiconductor layer. 
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[0121] In the method described above, it is preferred that 
step (c) is a third step (first gettering step) of removing at 
least large masses of a semiconductor compound of the catalyst 
element present in the crystalline semiconductor layer; and 
that step (d) is a fourth step (second gettering step) of mov- 
ing at least a portion of the catalyst element remaining in the 
crystalline semiconductor layer so as to form a low-catalyst - 
concentration region in the crystalline semiconductor layer, 
the low-catalyst -concentration region having a lower catalyst 
element concentration than in other regions. 

[0122] A method for manufacturing a semiconductor device of 
another preferred embodiment the present invention preferably 
includes a fifth step of forming a channel region of a TFT by 
using the crystalline semiconductor film having a catalyst ele- 
ment concentration that has been reduced. 

[0123] It is preferred that the step (c) includes a step of 
removing a higher semiconductor compound of the catalyst ele- 
ment, and the low-catalyst -concentration region includes sub- 
stantially no higher semiconductor compound. For example, the 
crystalline semiconductor layer is preferably substantially 
made of Si, the catalyst element is a metal element M, and the 
higher semiconductor compound has a composition of M x Si y (x>y) . 
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[0124] It is preferred that the step (d) includes a step of 
moving the catalyst element forming a lower semiconductor com- 
pound of the catalyst element, and the low-catalyst - 
concentration region includes substantially no lower semicon- 
ductor compound. For example, the crystalline semiconductor 
layer is substantially made of Si, the catalyst element is a 
metal element M, and the lower semiconductor compound has a 

composition of M x Si y (xiy). 

[0125] It is preferred that the step (d) includes a step of 
moving the catalyst element present in the form of solid solu- 
tion in the crystalline semiconductor layer, 

[0126] As described above, according to various preferred em- 
bodiments of the present invention, a multi-stage gettering 
process including a plurality of gettering steps is performed 
while clearly specifying the object to be gettered at each 
stage, each gettering step being suited to the type and the 
state of the gettering object (catalyst element) at that stage. 
Thus, it is possible to completely getter small masses of a 
catalyst element compound, low catalyst element compounds, 
etc., as well as large masses of a catalyst element compound, 
which are difficult to getter with the conventional single-step 
gettering processes. Moreover, by performing each gettering 
step while targeting a specific object, as in preferred embodi- 

38 



ments of the present invention, the multi-stage gettering proc- 
ess provides a significant synergistic effect and thus a sig- 
nificant improvement over a conventional single- step gettering 
process . 

[0127] In the first gettering step of preferred embodiments 
of the present invention, large masses of the semiconductor 
compound of the catalyst element present in the crystalline 
semiconductor film (which are typically made of a higher semi- 
conductor compound) are selectively etched away. 

[0128] In a preferred embodiment, the first gettering step is 
performed by exposing the surface of the crystalline semicon- 
ductor film to an etchant, the etchant being acid including at 
least hydrogen fluoride. 

[0129] In contrast, the second gettering step is performed by 
first dissolving relatively small masses of the higher semicon- 
ductor compound of the catalyst element remaining in the crys- 
talline semiconductor film and/or the lower semiconductor 
compound of the catalyst element into the semiconductor film, 
and then moving them into regions other than the channel re- 
gion. In this step, the catalyst element present in the form 
of solid solution in the semiconductor film is also moved. 



39 



[0130] The second gettering step is preferably performed by 
performing a second heat treatment after providing a gettering 
region or a gettering layer capable of attracting the catalyst 
element, thereby first dissolving the catalyst element and the 
semiconductor compounds thereof remaining in the crystalline 
semiconductor film into the semiconductor film, and then moving 
them into the gettering region or the gettering layer, 

[0131] With such a method including the first and second get- 
tering steps as described above, the catalyst element compound 
masses (particularly large masses and masses of a higher semi- 
conductor compound) that are difficult to getter with the con- 
ventional method (a method of moving them into regions other 
than the channel region through a heat treatment) can be effec- 
tively removed in the first gettering step. In the second get- 
tering step, it is possible to effectively remove small masses 
of catalyst element compounds and lower semiconductor compounds 
of the catalyst element, which are unlikely to be removed by 
the selective etching process in the first gettering step, as 
well as the catalyst element present in solid solution in the 
crystalline semiconductor film. Although the catalyst element 
present in solid solution in the crystalline semiconductor film 
has relatively small influence on the TFTs to be produced as 
compared to the catalyst element compounds , it may form a com- 
pound and may re-precipitate during the operation of the TFTs. 
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Therefore, it is preferably reduced to a level that is lower 
than the solid solubility thereof in the semiconductor film at 
least by one order of magnitude, rather than reducing it to a 
level that is barely lower than the solid solubility thereof in 
the semiconductor film. In the first gettering step, it is 
possible to selectively etch away only the catalyst element 
compounds without damaging the semiconductor film by using hy- 
drofluoric acid. 

[0132] In one preferred embodiment of the present invention, 
an amorphous silicon film is used as the amorphous semiconduc- 
tor film to be formed on the insulative surface in the first 
step, and the semiconductor compound of the catalyst element to 
be reduced in the third step (first gettering step) is a sili- 
cide compound. Furthermore, the higher semiconductor compound 
of the catalyst element to be reduced in the third step (first 
gettering step) is a silicide compound having a composition of 
NiSi 2 , and the lower semiconductor compounds of the catalyst 
element to be reduced in the fourth step (second gettering 
step) are primarily Ni 2 Si and NiSi silicide compounds. 

[0133] In one preferred embodiment, the second step (a step 
of adding a catalyst element capable of promoting crystalliza- 
tion to the amorphous semiconductor film and then performing a 
first heat treatment so as to crystallize the amorphous semi- 
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conductor film, thereby obtaining a crystalline semiconductor 
film) is performed by selectively adding a catalyst element to 
a portion of the amorphous semiconductor film and then perform- 
ing a first heat treatment so that the crystal growth proceeds 
laterally from each region to which the catalyst element has 
been selectively added. 

[0134] In this way, in the laterally- grown crystal region, it 
is possible to obtain a desirable crystalline semiconductor 
film with a substantially uniform crystal growth direction, 
whereby it is possible to further increase the current driving 
power of a TFT. Moreover, in the laterally -grown crystal re- 
gion, the catalyst element concentration after the crystal 
growth can be reduced by one to two orders of magnitude from 
that in the region where the catalyst element is added, thereby 
reducing the load for the subsequent gettering process. 

[0135] How such a crystalline film with a substantially uni- 
form crystal growth direction is obtained by the method as de- 
scribed above will now be described with reference to FIG. 20A 
to FIG. 20C. 

[0136] In the crystalline semiconductor film of preferred em- 
bodiments of the present invention (which is used at least for 
the formation of the channel region), the orientated crystal 
planes are primarily planes of <111> crystal zone. More spe- 
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cifically, among all the <111> crystal zone planes, the (110) 
plane orientation and the (211) plane orientation account for 
50% or more in the crystalline semiconductor film. Typically, 
when crystallized without a catalyst element, a crystalline 
semiconductor film is likely to be oriented along the (111) 
plane, due to the influence of the insulator base film underly- 
ing the semiconductor film (particularly in the case of amor- 
phous silicon dioxide). In contrast, when an amorphous 
semiconductor film is crystallized with the addition of a cata- 
lyst element, the orientated crystal planes of the obtained 
crystalline semiconductor film are primarily planes of <111> 
crystal zone, which is schematically shown in FIG. 20A. In 
FIG. 20A, reference numeral 281 is a base insulator, 282 is an 
amorphous semiconductor film in an uncrystallized region, 283 
is a crystalline semiconductor film, and 284 is a semiconductor 
compound of a catalyst element, which is the driving force of 
the crystal growth. 

[0137] As illustrated in FIG. 20A, a catalyst element com- 
pound 284 is present at the front line of crystal growth and 
gradually crystallizes the amorphous region 282 from left to 
right in the figure. In this process, the catalyst element 
compound 284 tends to grow strongly in the <111> direction. As 
a result, the obtained crystalline semiconductor film is ori- 
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ented in the <111> crystal zone planes, as illustrated in FIG. 
20A. 

[0138] FIG, 20B illustrates the <111> crystal zone planes. 
In FIG. 20B, the horizontal axis represents the inclination an- 
gle with respect to the (-100) plane, and the vertical axis 
represents the surface energy. Reference numeral 285 denotes a 
group of crystal planes that are <111> crystal zone planes . 
The (100) plane and the (111) plane are shown for the purpose 
of comparison, though they are not <111> crystal zone planes. 

[0139] Moreover, FIG. 20C illustrates a standard triangle of 
crystal orientation. The distribution of the <111> crystal 
zone planes is as indicated by a broken line. The indices of 
typical poles are shown numerically. Among all the <111> crys- 
tal zone planes, the (110) plane or the (211) plane is dominant 
in the crystalline semiconductor film obtained in preferred em- 
bodiments of the present invention, and advantageous effects 
are obtained when these planes account for 50% or more of the 
planes present. These two crystal planes, having much higher 
hole mobilities than other planes, are capable of improving the 
performance of particularly a p-channel TFT, which is inferior 
in performance to an n- channel TFT, thereby also providing an 
advantage that it is easy to produce a well-balanced semicon- 
ductor circuit. 
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[0140] Note that it was confirmed by, for example, EBSP 
(Electron BackScattered diffraction Pattern) that the crystal 
grains (domains) of the crystalline semiconductor film of pre- 
ferred embodiments of the present invention had such character- 
istics as described above. 

[0141] In one preferred embodiment of the present invention, 
the process further includes a step of irradiating the crystal- 
line semiconductor film with laser light after the first heat 
treatment. When the crystalline semiconductor film is irradi- 
ated with laser light, crystal grain boundary portions and min- 
ute residual amorphous regions (uncrystallized regions) are 
treated in a concentrated manner due to the difference in melt- 
ing point between a crystalline portion and an amorphous por- 
tion. A crystalline silicon film that has been crystallized 
while introducing a catalyst element thereto is in the form of 
columnar crystals, with the inside thereof being monocrystal- 
line. Therefore, if the crystal grain boundary portions are 
treated with laser light irradiation, the crystallinity is im- 
proved significantly, obtaining a desirable crystalline silicon 
film that is substantially monocrystalline across the entire 
surface of the substrate. As a result, the TFT on-state char- 
acteristics are improved significantly, thereby realizing a 
semiconductor device having an improved current driving power. 
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[0142] Specifically, a method for manufacturing a semiconduc- 
tor device of a preferred embodiment of the present invention 
at least includes: a first step of forming an amorphous semi- 
conductor film on an insulative surface; a second step of add- 
ing, to the amorphous semiconductor film, a first element 
(catalyst element) capable of promoting crystallization of the 
amorphous semiconductor film; a third step of performing a 
first heat treatment so as to crystallize the amorphous semi- 
conductor film using a semiconductor compound of the catalyst 
element as nuclei, thereby obtaining a crystalline semiconduc- 
tor film; a fourth step (first gettering step) of selectively 
etching away masses of the semiconductor compound of the cata- 
lyst element present in the crystalline semiconductor film; a 
fifth step of adding a second element (gettering element) capa- 
ble of attracting the catalyst element to a portion of the 
crystalline semiconductor film; a sixth step (second gettering 
step) of performing a second heat treatment so that the cata- 
lyst element remaining in the crystalline semiconductor film is 
moved into the region (gettering region) to which the gettering 
element has been added; and a seventh step of forming a channel 
region of a TFT using the crystalline semiconductor film other 
than the region to which the gettering element has been added. 

[0143] Alternatively, the method of another preferred embodi- 
ment of the present invention at least includes: a first step 
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of forming an amorphous semiconductor film on an insulative 
surface; a second step of adding, to the amorphous semiconduc- 
tor film, a first element (catalyst element) capable of promot- 
ing crystallization of the amorphous semiconductor film; a 
third step of performing a first heat treatment so as to crys- 
tallize the amorphous semiconductor film using a semiconductor 
compound of the catalyst element as nuclei, thereby obtaining a 
crystalline semiconductor film; a fourth step (first gettering 
step) of selectively etching away masses of the semiconductor 
compound of the catalyst element present in the crystalline 
semiconductor film; a fifth step of forming a gettering layer 
capable of attracting the catalyst element on the crystalline 
semiconductor film; a sixth step (second gettering step) of 
performing a second heat treatment so that the catalyst element 
remaining in the crystalline semiconductor film is moved into 
the gettering layer; and a seventh step of forming a channel 
region of a TFT using the crystalline semiconductor film. 

[0144] It is preferred that the semiconductor device obtained 
by these manufacturing methods is a semiconductor device in- 
cluding a TFT using a crystalline semiconductor film formed on 
an insulative surface as the active region, the TFT including 
an active region (semiconductor layer) on the insulative sur- 
face, a gate insulating film on the active region, and a gate 
electrode on the gate insulating film, the active region in- 
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eluding a channel region, a source region and a drain region, 
wherein: a plurality of holes of minute diameters are present 
in the active region; the active region includes a catalyst 
element capable of promoting crystallization of an amorphous 
semiconductor film; and substantially all of the catalyst ele- 
ment is present in the form of solid solution in the semicon- 
ductor film in the active region. The traces of the 
semiconductor compound of the catalyst element that is selec- 
tively removed in the first gettering step are left in the form 
of holes of minute diameters in the semiconductor film. There- 
fore, the active region of the completed semiconductor device 
has a plurality of holes of minute diameters. Thus, the fin- 
ished end product semiconductor device of preferred embodiments 
of the present invention has such a structure including such 
holes of minute diameters. 

[0145] In the second step of adding a catalyst element to the 
amorphous semiconductor film, it is preferred that one or more 
element selected from Ni, Co, Sn, Pb, Pd, Fe and Cu is used as 
the catalyst element . One or more element selected from among 
these elements can provide a crystallization promoting effect 
even in very small amounts. Particularly, Ni can provide the 
most significant effect. The catalyst element alone does not 
provide the function, but it promotes crystal growth when bound 
to silicon in the silicon film to form a silicide. When crys- 
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tallizing the amorphous silicon film, the crystalline structure 
of the silicide functions as a type of a mold, thereby promot- 
ing the crystallization of the amorphous silicon film. An Ni 
atom binds to two Si atoms to form NiSi 2 . NiSi 2 exhibits a 
f luorite-like crystalline structure, which is very similar to 
that of diamond made of monocrystalline silicon. Moreover, the 
lattice constant of NiSi 2 is 5.406 A (0.5406 nm) , which is very 
close to that of a crystalline silicon diamond structure, i.e., 
5.430 A (0.5430 nm) . Thus, NiSi 2 is an optimal mold for crys- 
tallizing the amorphous silicon film, and Ni is most preferably 
used as the catalyst element for producing a crystalline sili- 
con film. 

[0146] As a result of using such a catalyst element, one or 
more element selected from Ni, Co, Sn, Pb, Pd, Fe and Cu is 
present in the active region of the semiconductor device of 
preferred embodiments of the present invention as a catalyst 
element that promotes the crystallization of the amorphous 
semiconductor film. Moreover, the catalyst element concentra- 
tion in the active region is reduced to about lxlO 14 to lxlO 17 
atoms/cm 3 , whereas the catalyst element concentration in a get- 
tering region or a gettering layer is increased by two to four 
orders of magnitude. 
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[0147] Another manufacturing method of another preferred em- 
bodiment of the present invention at least includes: a first 
step of forming an amorphous semiconductor film on an insula- 
tive surface; a second step of adding, to the amorphous semi- 
conductor film, a first element (catalyst element) capable of 
promoting crystallization of the amorphous semiconductor film; 
a third step of performing a first heat treatment so as to 
crystallize the amorphous semiconductor film using a semicon- 
ductor compound of the catalyst element as nuclei, thereby ob- 
taining a crystalline semiconductor film; a fourth step (first 
gettering step) of selectively etching away masses of the semi- 
conductor compound of the catalyst element present in the crys- 
talline semiconductor film; a fifth step of etching the 
crystalline semiconductor film to form an active region (semi- 
conductor layer) of a TFT; a sixth step of adding, to a source 
region and a drain region of the active region, a second ele- 
ment (gettering element) capable of attracting the catalyst 
element; and a seventh step (second gettering step) of perform- 
ing a second heat treatment so that the catalyst element in the 
active region is moved from a channel region of the active re- 
gion into the source region and the drain region to which the 
gettering element has been added. With this method, as com- 
pared to the other two manufacturing methods, gettering is per- 
formed by using the source/drain region of the active region. 

Therefore, it is not necessary to provide a specific dedicated 
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extra step in addition to the second gettering step, thus sim- 
plifying and shortening the process. This is because this 
method performs gettering and activation of the source/drain 
region at the same time in the second heat treatment. 

[0148] The semiconductor device obtained by this method is a 
semiconductor device including a TFT using a crystalline semi- 
conductor film formed on an insulative surface as the active 
region, the TFT including an active region (semiconductor 
layer) on the insulative surface, a gate insulating film on the 
active region, and a gate electrode on the gate insulating 
film, the active region including a channel region, a source 
region and a drain region, wherein: a plurality of holes having 
small diameters are present in the active region; the active 
region includes a catalyst element capable of promoting crys- 
tallization of an amorphous semiconductor film; and substan- 
tially all of the catalyst element is present in the form of 
solid solution in the semiconductor film at least in the chan- 
nel region of the active region. 

[0149] A semiconductor device according to still another pre- 
ferred embodiment of the present invention is a semiconductor 
device including a TFT using a crystalline semiconductor film 
formed on an insulative surface as the active region, the TFT 
including an active region (semiconductor layer) on the insula- 
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tive surface, a gate insulating film on the active region, and 
a gate electrode on the gate insulating film, the active region 
including a channel region, a source region and a drain region, 
wherein: a plurality of holes having small diameters are pre- 
sent in the active region; the active region includes a cata- 
lyst element capable of promoting crystallization of an 
amorphous semiconductor film; and substantially all of the 
catalyst element is present in the form of solid solution in 
the semiconductor film at least near the junction between the 
channel region and the source/drain region in the active re- 
gion. 

[0150] A semiconductor device according to still another pre- 
ferred embodiment of the present invention is a semiconductor 
device including a TFT using a crystalline semiconductor film 
formed on an insulative surface as the active region, the TFT 
including an active region (semiconductor layer) on the insula- 
tive surface, a gate insulating film on the active region, and 
a gate electrode on the gate insulating film, the active region 
including a channel region, a source region and a drain region, 
wherein: a plurality of holes having small diameters are pre- 
sent in the active region; the active region includes a cata- 
lyst element capable of promoting crystallization of an 
amorphous semiconductor film; and the catalyst element is pre- 
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sent at a higher concentration in the source region and the 
drain region of the active region than in the channel region. 

[0151] Moreover, a semiconductor device according to still 
another preferred embodiment is a semiconductor device includ- 
ing a TFT using a crystalline semiconductor film formed on an 
insulative surface as the active region, the TFT including an 
active region (semiconductor layer) on the insulative surface, 
a gate insulating film on the active region, and a gate elec- 
trode on the gate insulating film, the active region including 
a channel region, a source region and a drain region, wherein: 
a plurality of holes having small diameters are present in the 
active region; the active region includes a catalyst element 
capable of promoting crystallization of an amorphous semicon- 
ductor film; and the catalyst element is present at a higher 
concentration in the source region and the drain region of the 
active region than near the junction between the channel region 
and the source/drain region. 

[0152] Specifically, when using a method in which a gettering 
element is added to the source/drain region, after which the 
catalyst element in the active region is moved from the channel 
region to the source/drain region in the second heat treatment, 
the catalyst element is present at a concentration of about 
IxlO 18 to about lxlO 20 atoms/cm 3 in the source region and the 
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drain region of the active region in the obtained semiconductor 
device. In contrast, the catalyst element concentration in the 
channel region or near the junction between the channel region 
and the source/drain region is reduced to about lxlO 14 to about 
IxlO 17 atoms/cm 3 . Herein, "near the junction between the chan- 
nel region and the source/drain region of the active region" is 
preferably a region within about 2 Mm from the junction bound- 
ary between the channel region and the source/drain region. 
This is because the influence of the electric field localiza- 
tion at the junction extends across a region within about 2 jam 
from the junction. 

[0153] Moreover, a semiconductor device according to still 
another preferred embodiment of the present invention includes 
a group VB impurity element giving n-type conductivity in the 
source region and the drain region of the active region. This 
is because a group VB impurity element functions as a gettering 
element, which will later be described in greater detail. 

[0154] Another manufacturing method according to yet another 
preferred embodiment of the present invention at least in- 
cludes: a first step of forming an amorphous semiconductor film 
on an insulative surface; a second step of adding, to the amor- 
phous semiconductor film, a first element (catalyst element) 
capable of promoting crystallization of the amorphous semicon- 
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ductor film; a third step of performing a first heat treatment 
so as to crystallize the amorphous semiconductor film using a 
semiconductor compound of the catalyst element as nuclei, 
thereby obtaining a crystalline semiconductor film; a fourth 
step (first gettering step) of selectively etching away masses 
of the semiconductor compound of the catalyst element present 
in the crystalline semiconductor film; a fifth step of etching 
the crystalline semiconductor film to form an active region 
(semiconductor layer) of a TFT; a sixth step of adding, to a 
region in the active region other than a channel region, a 
source region and a drain region, a second element (gettering 
element) capable of attracting the catalyst element, thereby 
forming a gettering region; and a seventh step (second getter- 
ing step) of performing a second heat treatment so that the 
catalyst element in the active region is moved from the channel 
region, the source region and the drain region of the active 
region into the gettering region . 

[0155] In the sixth step of forming a gettering region, the 
gettering region is formed adjacent to the source region and/or 
the drain region and outside the region of the active region 
through which electrons or holes move. After this step, lines 
for electrically connecting TFTs together are formed in the 
source region and the drain region, and this line formation 
step is performed so that the route of the lines includes at 
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least a portion of the source region and the drain region. 
This method also performs gettering and activation of the 
source/drain region at the same time in the second heat treat- 
ment. Therefore, it is not necessary to provide a specific 
dedicated extra step in addition to the second gettering step, 
thus simplifying and shortening the process. Furthermore, 
since a dedicated gettering region is provided separately from 
the source/drain region in the active region, the gettering re- 
gion can be optimized, as compared to the method described 
above in which the source/drain region is used also as the get- 
tering region. This is because with the method described above 
in which the source/drain region is used also as the gettering 
region, it is necessary to ensure the quality as a source/drain 
region (especially the low resistance) of the region, which im- 
poses significant limitations. Note however that it is pre- 
ferred that the gettering region is arranged at least so as not 
to interfere with the movement of carriers (electrons or holes) 
in the active region, as described above. 

[0156] It is preferred that the semiconductor device obtained 
by this manufacturing method is a semiconductor device includ- 
ing a TFT using a crystalline semiconductor film formed on an 
insulative surface as the active region, the TFT including an 
active region (semiconductor layer) on the insulative surface, 
a gate insulating film on the active region, and a gate elec- 
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trode on the gate insulating film, the active region including 
a channel region, a source region, a drain region and a getter- 
ing region, wherein: a plurality of holes having small diame- 
ters are present in the active region; the active region 
includes a catalyst element capable of promoting crystalliza- 
tion of an amorphous semiconductor film; and substantially all 
of the catalyst element is present in the form of solid solu- 
tion in the semiconductor film at least in the channel region 
of the active region. 

[0157] Alternatively, the semiconductor device may be a semi- 
conductor device including a TFT using a crystalline semicon- 
ductor film formed on an insulative surface as the active 
region, the TFT including an active region (semiconductor 
layer) on the insulative surface, a gate insulating film on the 
active region, and a gate electrode on the gate insulating 
film, the active region including a channel region, a source 
region, a drain region and a gettering region, wherein: a plu- 
rality of holes having small diameters are present in the ac- 
tive region; the active region includes a catalyst element 
capable of promoting crystallization of an amorphous semicon- 
ductor film; and substantially all of the catalyst element is 
present in the form of solid solution in the semiconductor film 
at least near the junction between the channel region and the 
source/drain region in the active region. 
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[0158] Alternatively, the semiconductor device may be a semi- 
conductor device including a TFT using a crystalline semicon- 
ductor film formed on an insulative surface as the active 
region, the TFT including an active region (semiconductor 
layer) on the insulative surface, a gate insulating film on the 
active region, and a gate electrode on the gate insulating 
film, the active region including a channel region, a source 
region, a drain region and a get tearing region, wherein: a plu- 
rality of holes having small diameters are present in the ac- 
tive region; the active region includes a catalyst element 
capable of promoting crystallization of an amorphous semicon- 
ductor film; and substantially all of the catalyst element is 
present in the form of solid solution in the semiconductor film 
at least in the channel region, the source region and the drain 
region in the active region* 

[0159] Moreover, in view of the positional relationship with 
respect to the gettering region, a semiconductor device of one 
preferred embodiment of the present invention may be a semicon- 
ductor device including a TFT using a crystalline semiconductor 
film formed on an insulative surface as the active region, the 
TFT including an active region (semiconductor layer) on the in- 
sulative surface, a gate insulating film on the active region, 
and a gate electrode on the gate insulating film, the active 
region including a channel region, a source region, a drain re- 
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gion and a gettering region, wherein: a plurality of holes hav- 
ing small diameters are present in the active region; the ac- 
tive region includes a catalyst element capable of promoting 
crystallization of an amorphous semiconductor film; and the 
catalyst element is present at a higher concentration in the 
gettering region of the active region than in the channel re- 
gion. 

[0160] Alternatively, the semiconductor device may be a semi- 
conductor device including a TFT using a crystalline semicon- 
ductor film formed on an insulative surface as the active 
region, the TFT including an active region (semiconductor 
layer) on the insulative surface, a gate insulating film on the 
active region, and a gate electrode on the gate insulating 
film, the active region including a channel region, a source 
region, a drain region and a gettering region, wherein: a plu- 
rality of holes having small diameters are present in the ac- 
tive region; the active region includes a catalyst element 
capable of promoting crystallization of an amorphous semicon- 
ductor film; and the catalyst element is present at a higher 
concentration in the gettering region of the active region than 
near the junction between the channel region and the 
source/drain region. 
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[0161] Alternatively, the semiconductor device may be a semi- 
conductor device including a TFT using a crystalline semicon- 
ductor film formed on an insulative surface as the active 
region, the TFT including an active region (semiconductor 
layer) on the insulative surface, a gate insulating film on the 
active region, and a gate electrode on the gate insulating 
film, the active region including a channel region, a source 
region, a drain region and a gettering region, wherein: a plu- 
rality of holes having small diameters are present in the ac- 
tive region; the active region includes a catalyst element 
capable of promoting crystallization of an amorphous semicon- 
ductor film; and the catalyst element is present at a higher 
concentration in the gettering region of the active region than 
in the channel region, the source region and the drain region. 

[0162] Furthermore, in these semiconductor devices, the get- 
tering region in the active region may be formed adjacent to 
the source region and/or the drain region and outside the re- 
gion through which electrons and holes move in the active re- 
gion, and lines for electrically connecting TFTs together are 
formed in the source region and the drain region so that the 
route of the lines includes at least a portion of the source 
region and the drain region. Specifically, a dedicated getter- 
ing region is provided separately from the source/drain region 
in the active region, and this region is maintained so as to be 
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present even after the completion of the TFT. This is not just 
a structure that is obtained as a result of the manufacturing 
process, but the constant and permanent presence of the getter- 
ing region in the device is itself advantageous. This is be- 
cause when the gettering region is absent in the device, heat 
is generated in no small measure from driving the TFT, whereby 
the catalyst element of a concentration less than or equal to 
the solid solubility, which is sometimes remaining, may be 
newly precipitated in the form of a semiconductor compound. In 
view of this, it is advantageous to have a strong gettering re- 
gion present in the active region even after the completion of 
the semiconductor device so as to provide some gettering capa- 
bility even when driving the TFT , thereby making such precipi- 
tation unlikely to occur. Furthermore, the gettering region 
can be optimized as a dedicated gettering region and thus can 
be provided with a strong gettering capability. As a result, 
the reliability of the TFT can be further increased. Note how- 
ever that since the gettering region is optimized for a getter- 
ing process , without taking into consideration other 
characteristics such as the resistance, the gettering region is 
preferably arranged at least so as not to interfere with the 
movement of carriers (electrons or holes) in the active region, 
as described above. 
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[0163] Thus, when using a method in which a gettering element 
is added to the gettering region, after which the catalyst ele- 
ment in the active region is moved into the gettering region in 
the second heat treatment, the catalyst element is present at a 
concentration of about lxlO 18 to about lxlO 20 atoms/cm 3 in the 
gettering region of the active region in the obtained semicon- 
ductor device. In contrast, the catalyst element concentration 
in the channel region, near the junction between the channel 
region and the source/drain region, or entirely across the 
channel region and the source/drain region is reduced to about 
lxlO 14 to about lxlO 17 atoms/cm 3 . 

[0164] Moreover, it is preferred that the gettering region of 
the active region includes a larger amount of an amorphous com- 
ponent than in other regions in the active region. The content 
of the amorphous component in each region can be determined by 
micro- laser Raman spectroscopy. The gettering region is char- 
acterized by its larger Pa/Pc ratio between the TO-phonon peak 
Pa of amorphous Si and the TO-phonon peak Pc of crystalline Si 
than those of other regions in the active region. 

[0165] Gettering can be achieved in a gettering region by in- 
creasing the solid solubility of the gettering region for the 
catalyst element with respect to the other regions so as to 
move the catalyst element into the gettering region ("first 
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gettering action"), or by forming defects or localized segrega- 
tion sites for trapping the catalyst element so that the cata- 
lyst element is moved and trapped in the gettering region 
("second gettering action"). Thus, by forming the gettering 
region of the active region so that it has a larger amorphous 
component content than in the other regions in the active re- 
gion, it is possible to realize the effect of the second get- 
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gettering region is kept and remains even after the completion 
of the TFT . If the amorphous gettering region is crystallized 
at a certain point in the process, the gettering effect will be 
small thereafter, whereby the catalyst element that has been 
moved away in a heat treatment may later come back in a reverse 
flow in a subsequent step. Moreover, even if such a reverse 
flow of the catalyst element is prevented from occurring during 
the manufacturing process, heat is generated in no small meas- 
ure from driving the TFT, and the catalyst element that has 
been once moved into the gettering region may come back to the 
channel region in a reverse flow when driving the TFT, thus re- 
sulting in a reliability problem. Therefore, in a case where 
the gettering region is provided in the active region of the 
TFT , it is preferred that the region is maintained and remains 
amorphous even after the completion of the TFT so as to keep 
the same level of gettering capability as that during the get- 
tering process at any time. 
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[0166] Moreover, with the semiconductor device structure and 
the method for manufacturing the same as described above, a 
gettering region is provided in the TFT active region sepa- 
rately from the source region and the drain region, and the 
gettering region is formed outside the region through which 
carriers (electrons or holes) move so as not to interfere with 
the movement of the carriers in the TFT, whereby an optimal 
amount of an n-type impurity or a p-type impurity can be added 
to the source/drain region in a separate step without being in- 
fluenced by gettering considerations. Thus, even if the get- 
tering region includes an amorphous component, the TFT is not 
influenced at all by the high resistance due to the gettering 
region. As a result, the process margin is increased, the 
throughput of the doping apparatus can be improved signifi- 
cantly, and the resistance of the source/drain region can be 
reduced, thereby improving the on- state characteristics of the 
TFT. 

[0167] Moreover, the gettering region of the active region 
may include a group VB impurity element giving n-type conduc- 
tivity and a group IIIB impurity element giving p-type conduc- 
tivity. Alternatively, the gettering region of the active 
region may include one or more rare gas element selected from 
Ar, Kr and Xe. This is because these elements can function ef- 



64 



fectively as gettering elements, which will later be described 
in greater detail. 

[0168] Moreover, when one uses, among all the semiconductor 
device structures described above, the one in which the getter- 
ing element is added to the source/drain region of the active 
region so that the catalyst element is thermally moved into 
that region, or the one in which a dedicated gettering region 
is formed in the active region so that the catalyst element is 
thermally moved into that region, the second heat treatment is 
performed for gettering and also for activating the 
source/drain region. Thus, since the second heat treatment is 
performed after the formation of a gate electrode, the material 
of the gate electrode is preferably one or more element or al- 
loy thereof selected from W, Ta, Ti and Mo, which are high- 
melting metals having a high heat resistance. 

[0169] Moreover, in the semiconductor film of preferred em- 
bodiments of the present invention, the holes of minute diame- 
ters present in the active region preferably have sizes 
(diameters) in the range of about 0.05 m to about 1.0 U m. 
It can be seen that preferred embodiments of the present inven- 
tion are highly effective when the diameter is within the 
range. If the diameter is below the range, the first gettering 
step will be insufficient, and the semiconductor compound of 
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the catalyst element will not be sufficiently removed in the 
first gettering step. That is, the first gettering step will 
be finished before the saturation of the Ni concentration, as 
illustrated in the graph of FIG. 18. If the diameter is above 
the range, the treatment with hydrofluoric acid will be exces- 
sive, resulting in a serious etching damage to the underlying 
film. This leads to a reliability problem and a leak through 
the overlying gate insulating film. FIG. 19 shows the holes of 
minute diameters. As described above, FIG. 19 is a scanning 
electron microscope (SEM) image. 

[0170] Moreover, in the semiconductor film of preferred em- 
bodiments of the present invention, the average surface rough- 
ness Ra in the channel region of the active region is 
preferably in the range of about 4 nm to about 9 nm. As can be 
seen from the SEM image of FIG. 19, the silicon film has sur- 
face irregularities. When a semiconductor film is 
melted/solidified to be recrystallized by being irradiated with 
laser light, the surface irregularities occur at boundary por- 
tions due to the difference in volumetric expansion coeffi- 
cient , and the surface irregularities are commonly called 
"ridges". As described above, it is effective to form a crys- 
talline semiconductor film in a heat treatment after adding a 
catalyst element thereto, and then irradiate the crystalline 
semiconductor film with laser light to further improve the 
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crystallinity , and these steps produce such ridges. The sur- 
face roughness being below the range specified above means that 
the laser power is not sufficient, thereby failing to suffi- 
ciently improve the crystallinity. The surface roughness being 
above the range means that the laser power is excessive, in 
which case the crystallinity deteriorates at some locations and 
varies significantly from one location to another, and the re- 
liability (voltage endurance of the gate insulating film) may- 
be affected. 

[0171] In the manufacturing method of preferred embodiments 
of the present invention as described above, it is preferred 
that the method includes a step of irradiating the crystalline 
semiconductor film with laser light after the first heat treat- 
ment, and the fourth step (first gettering step) of selectively 
etching away the semiconductor compound of the catalyst element 
present in the crystalline semiconductor film is performed as a 
single step together with the step of cleaning the substrate 
surface preceding the laser light irradiation step. While the 
reason for adding the laser light irradiation step is to fur- 
ther improve the crystallinity of the crystalline semiconductor 
film, as described above, by treating the surface of the semi- 
conductor film with hydrofluoric acid as a single step together 
with the cleaning step preceding this step, it is possible to 
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eliminate the need to perform the first gettering step as a 
separate step, thereby shortening and simplifying the process. 

[0172] Alternatively, it is preferred that the method in- 
cludes a step of forming a gate insulating film on the crystal- 
line semiconductor film, and the fourth step (first gettering 
step) of selectively etching away the semiconductor compound of 
the catalyst element present in the crystalline semiconductor 
film is performed as a single step together with the step of 
cleaning the substrate surface preceding the formation of the 
insulating film (typically a gate insulating film). Before the 
formation of the gate insulating film, it is necessary to re- 
move a natural oxide film on the surface of the semiconductor 
film, which is to be the channel interface. Therefore, by per- 
forming the cleaning step with hydrofluoric acid as a single 
step together with the first gettering step, it is possible to 
shorten and simplify the process. Note however that whether 
the first gettering step is performed as a single step together 
with the cleaning step preceding the laser irradiation or the 
cleaning step preceding the formation of the gate insulating 
film, it is necessary to appropriate set the process conditions 
for the first gettering step. For example, the process time of 
the cleaning step may need to be extended in view of gettering, 
as compared to a conventional cleaning step whose purpose is 
only to remove the natural oxide film. Specifically, it is 
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preferred to set conditions such that the residual Ni concen- 
tration saturates as illustrated in FIG, 18. 

[0173] In a manufacturing method of one preferred embodiment 
of the present invention, the fifth step of adding, to a por- 
tion of the crystalline semiconductor film, a second element 
(gettering element) capable of attracting the catalyst element 
is preferably performed by an ion doping method, and the region 
where the gettering element is added is more amorphized than 
other regions. Thus, the gettering region is amorphized to de- 
liberately form crystal defects or localized segregation sites 
for trapping the catalyst element so as to utilize the second 
gettering action as described above. With this manufacturing 
method, the gettering region is formed outside the active re- 
gion, and the gettering region does not remain in the active 
region after the second gettering step. Therefore, the getter- 
ing region being amorphized does not cause a problem. 

[0174] Moreover, with the method in which a gettering element 
is added to the source/drain region of the active region so 
that the catalyst element is moved into that region, the sixth 
step of adding, to the source region and the drain region of 
the active region, a second element (gettering element) capable 
of attracting the catalyst element is performed by an ion dop- 
ing method, and the source and drain regions to which the get- 
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tering element is added are more amorphized than the channel 
region. Also in this case, the object is to effect the second 
gettering action by promoting the amorphization of the 
source/drain region. Note however that the source/drain re- 
gions need to have a low resistance eventually because they are 
functional elements of the TFT. Therefore, it is preferred 
that after the amorphization is promoted, the crystallinity of 
these regions is recovered to some extent during the second 
heat treatment for gettering. 

[0175] Moreover, in one preferred embodiment of the present 
invention where a dedicated gettering region is formed in the 
active region separately from the source/drain region, the 
sixth step of forming a gettering region by adding, to a region 
in the active region other than the channel region, the source 
region and the drain region, a second element (gettering ele- 
ment) that is capable of attracting the catalyst element is 
performed by an ion doping method, and the gettering region to 
which the gettering element is added is more amorphized than 
the channel region, the source region and the drain region. 
Also in this case, the object is to effect the second gettering 
action by promoting the amorphization of the gettering region. 
Note however that since the gettering region may be left amor- 
phous after the completion of the TFT, the freedom of the proc- 
ess is improved. For a semiconductor device, it is rather 

70 



preferable that the amorphous component content is larger in 
the gettering region in the active region, as described above. 

[0176] Preferably, the gettering element used in the manufac- 
turing methods described above is one or more group VB element 
selected from P, As and Sb. When these group VB elements are 
introduced into a silicon film, the solid solubility of the re- 
gion for the catalyst element is increased. Thus, the catalyst 
element is gettered by the first gettering action. Among these 
elements, phosphorus has a particularly high effect. Moreover, 
in an n-channel TFT, these elements can be used as they are in 
the source/drain region. 

[0177] More preferably, one or more group IIIB element se- 
lected from B and Al is used, in addition to one or more group 
VB element selected from P, As and Sb, as the gettering ele- 
ment . It has been confirmed that although a group VB element 
alone has some gettering capability, a greater gettering effect 
can be obtained when a group IIIB element is additionally in- 
troduced. If boron is doped, in addition to phosphorus, into 
the silicon film in the gettering region, the gettering mecha- 
nism changes. With only phosphorus, the gettering process is 
diffusion-migration- type gettering (the first gettering action) 
utilizing the difference in solid solubility for the catalyst 
element between the gettering region and the non-doped non- 
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gettering region. When boron is used additionally, the cata- 
lyst element is rather likely to be precipitated in the getter- 
ing region, whereby gettering to defects or segregation sites 
(the second gettering action) becomes more dominant. The get- 
tering effects are increased synergist ically. Note however 
that since an element giving p-type conductivity is doped in 
addition to an element giving n-type conductivity, the getter- 
ing region into which these elements are introduced is likely 
to have a high resistance. Therefore, this approach is more 
effective with the method in which a dedicated gettering region 
is provided outside the source/drain region. Preferred concen- 
trations of the impurity elements contained in the gettering 
region are as follows. The concentration of the group VB ele- 
ment is preferably about lxlO 19 to about lxl0 21 /cm 3 , and the con- 
centration of the group IIIB element is preferably about 
1.5xl0 19 to about 3xl0 21 /cm 3 . A sufficient gettering efficiency 
is obtained within these ranges. 

[0178] Other gettering elements that can be used in the manu- 
facturing method of preferred embodiment of the present inven- 
tion include one or more rare gas element selected from Ar, Kr 
and Xe. The presence of these rare gas elements in the getter- 
ing region causes large lattice strain, whereby the second get- 
tering action utilizing defects/segregation sites is effected 
very strongly. Moreover, Ar is most effective among these rare 
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gas elements, and the greatest effect can be obtained when Ar 
is used. The concentration of the rare gas element contained 
in the gettering region is preferably in the range of about 
IxlO 19 to about 3xl0 21 atoms/cm 3 . A sufficient gettering effi- 
ciency is obtained within this range. 

[0179] In a method for manufacturing a semiconductor film ac- 
cording to a preferred embodiment of the present invention, a 
gettering layer capable of attracting the catalyst element is 
formed on the crystalline semiconductor film, and the second 
heat treatment is performed, so that the catalyst element re- 
maining in the crystalline semiconductor film is moved into the 
gettering layer. In this method, it is preferred that the get- 
tering layer is removed after the sixth step (second gettering 
step) of performing the second heat treatment so as to move the 
catalyst element remaining in the crystalline semiconductor 
film into the gettering layer. In this way, unlike the other 
methods, it is possible to obtain a crystalline semiconductor 
film having no gettering region, where the catalyst element is 
collected, across the entire surface of the substrate, thereby 
increasing the freedom in the subsequent steps and the freedom 
in the design layout. A semiconductor film of a preferred em- 
bodiment of the present invention produced as described above 
is a film of a semiconductor formed on an insulative surface, 
wherein the semiconductor film is crystalline, includes a cata- 
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lyst element capable of promoting crystallization of the semi- 
conductor, and has a plurality of minute holes. The concentra- 
tion of the catalyst element may be lowered substantially 
across the entire region of the semiconductor film, as de- 
scribed above. Alternatively, the concentration of the cata- 
lyst element may be lowered in regions corresponding to those 
regions that are to be active regions (at least channel re- 
gions ) . 

[0180] The gettering layer is preferably an amorphous semi- 
conductor film including one or more group VB element selected 
from P, As and Sb. Alternatively, the gettering layer may be 
an amorphous semiconductor film including both one or more 
group VB element selected from P, As and Sb and one or more 
group IIIB element selected from B and Al. Alternatively, the 
gettering layer may be an amorphous semiconductor film includ- 
ing one or more rare gas element selected from Ar, Kr and Xe. 
A reason for using a silicon film in an amorphous state is that 
it is then possible to effect the second gettering action util- 
izing crystal defects/segregation sites as described above. A 
reason for using element species is that element species can 
function as gettering elements. Also, the gettering region 
formed in the semiconductor film may be removed. 

FIRST PREFERRED EMBODIMENT 
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[0181] The first preferred embodiment of the present inven- 
tion will be described with reference to FIG. 1A to FIG. II. 
The first preferred embodiment is directed to a method for pro- 
ducing an n-channel TFT on a glass substrate. The TFT of the 
present preferred embodiment can be used as a device component 
in a thin film integrated circuit, as well as in the driver 
circuit or the pixel section of an active matrix liquid crystal 
display device or an organic EL display device. FIG. 1A to 
FIG. II are cross -sectional views sequentially illustrating 
steps for producing the n-channel TFT. 

[0182] First, as illustrated in FIG. 1A, a base film 103 
preferably made of silicon oxide is formed on a glass substrate 
101 to a thickness of about 300 nm to about 500 nm by a plasma 
CVD method, for example. The silicon oxide film is provided in 
order to prevent diffusion of impurities from the glass sub- 
strate 101. Then, an intrinsic (I type) amorphous silicon film 
(a-Si film) 104 is deposited to a thickness of about 20 nm to 
about 80 nm (e.g., about 40 nm) . In the present preferred em- 
bodiment, the deposition of the a-Si film 104 was performed by 
using a parallel-plate plasma CVD apparatus at a temperature of 
about 250°C to about 400° C (e.g., about 350°C) while using an 
SiH 4 gas and an H 2 gas as material gases. 
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[0183] Then, a small amount of nickel 105 is added to the 
surface of the a-Si film 104. The catalyst element to be used 
is preferably one or more element selected from nickel (Ni) , 
cobalt (Co), tin (Sn), lead (Pb) , palladium (Pd), iron (Fe) and 
copper (Cu). Alternatively, ruthenium (Ru), rhodium (Rh), os- 
mium (Os), iridium (Ir), platinum (Pt), gold (Au) , etc., may be 
used. The addition of a small amount of nickel 105 was per- 
formed by holding a nickel solution on the a-Si film 104, uni- 
formly spreading the solution across the substrate 101 by a 
spinner, and then drying the substrate 101. In the present 
preferred embodiment, nickel acetate was used as the solute, 
water was used as the solvent, and the nickel concentration in 
the solution was controlled to be 10 ppm. This state is shown 
in FIG. 1A. The amount of the catalyst element added is very 
small, and the catalyst element concentration on the surface of 
the a-Si film 104 is controlled by a total reflection X-ray 
fluorescence (TRXRF) method. In the present preferred embodi- 
ment, the concentration was about 5xl0 12 atoms/cm 2 . 

[0184] Then, a first heat treatment is performed in an inert 
atmosphere (e.g., a nitrogen atmosphere). The annealing proc- 
ess is performed at about 530° C to about 600° C for approxi- 
mately 30 minutes to 8 hours. For example, in the present 
preferred embodiment, the heat treatment was performed at about 
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550° C for approximately 4 hours. In this heat treatment, 
nickel 105 added to the surface of the a-Si film 104 diffuses 
into the a-Si film 104 while being silicified, and the crystal- 
lization of the a-Si film 104 proceeds using the silicide as 
nuclei. As a result, the a-Si film 104 is crystallized into a 
crystalline silicon film 104a. Note that while the crystalli- 
zation process is herein performed in a heat treatment using a 
furnace, it may alternatively be performed by an RTA (Rapid 
Thermal Annealing) apparatus using a lamp, or the like, as a 
heat source . 

[0185] Then, as illustrated in FIG. IB, the surface of the 
crystalline silicon film 104a is exposed to acid 106 including 
hydrogen fluoride, thereby performing the first gettering step. 
In the present preferred embodiment, this step was performed by 
a dipping method (where a substrate is dipped entirely in a so- 
lution) using a 1% hydrofluoric acid solution. With hydroflu- 
oric acid of such a concentration, the treatment time is 
preferably about 60 seconds to about 180 seconds (about 120 
seconds in the present preferred embodiment). After the sub- 
strate was dipped in the hydrofluoric acid solution, the solu- 
tion was substituted with pure water, and the substrate was 
washed and spun dry. Through this step, Ni silicide masses 
(particularly large masses and masses of NiSi 2 ) present in the 
crystalline silicon film are selectively etched away by hydro- 
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fluoric acid 106, thereby leaving minute holes 107 in the crys- 
talline silicon film 104a as traces of the etched-away silicide 
masses. The diameters of the holes were about 0.1 Mm to about 
0.8 Mm. 

[0186] Then, as illustrated in FIG. 1C, the crystalline sili- 
con film 104a obtained by the heat treatment is irradiated with 
laser light 108 to further crystallize the crystalline silicon 
film 104a, thereby obtaining a crystalline silicon film 104b 
with an improved crystallinity . The dipping treatment with hy- 
drofluoric acid 106 illustrated in FIG. IB serves also as a 
pre-cleaning step for this laser irradiation step. The laser 
light used in this step may be XeCl excimer laser (wavelength: 
about 308 nm, pulse width: about 40 nsec) or KrF excimer laser 
(wavelength: about 24 8 nm) . The laser light is shaped so as to 
form an elongate beam spot on the surface of the substrate 101 
so that the substrate is crystallized across the entire surface 
thereof by being scanned with the laser beam in the direction 
perpendicular to the longitudinal direction of the beam spot. 
The substrate surface is preferably scanned so that adjacent 
beam traces have an overlap therebetween and any point on the 
surface of the crystalline silicon film 104a is scanned with 
laser light a plurality of times, thereby improving the uni- 
formity. The crystalline silicon film 104a obtained by solid - 
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phase crystallization as described above is turned into the 
crystalline silicon film 104b of a higher quality as the crys- 
tal defects are reduced through the melting/solidification 
process by the laser irradiation. 

[0187] Then, as illustrated in FIG. ID, a photoresist mask 
109 is formed on the crystalline silicon film 104b. The mask 
109 is arranged so that portions of the crystalline silicon 
film 104b are masked in an island-shaped pattern. The masked 
portions of the crystalline silicon film will be the active re- 
gions (semiconductor layers) of the TFTs to be produced. 

[0188] Next, as illustrated in FIG. ID, the substrate 101 is 
ion-doped with phosphorus 110 from above the substrate 101 and 
across the entire surface thereof. The ion doping was per- 
formed by using phosphine (PH 3 ) as the doping gas with an ac- 
celeration voltage of about 5 kV to about 15 kV, and a dose of 
about 5xl0 15 cm" 2 to about 2X10 1 cm" 2 (e.g., about lxlO 1 cm" 2 ). 
Through this step, the exposed regions of the crystalline sili- 
con film 104b are doped with phosphorus 110, thereby forming 
phosphorus -doped regions 111. In the region 111, the crystal- 
line structure is destroyed to some extent by the ion doping 
step, thus amorphizing the region 111. The masked regions of 
the crystalline silicon film 104b are not doped with phosphorus 
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110, whereby the crystalline structure thereof is not de- 
stroyed . 

[0189] Then, the photoresist mask 109 is removed by ashing 
(oxygen plasma treatment) and by using a stripping solution, 
after which the second heat treatment is performed in an inert 
atmosphere (e.g., a nitrogen atmosphere). In the present pre- 
ferred embodiment, the heat treatment was performed in a nitro- 
gen atmosphere at about 500° C to about 600° C for approximately 
30 minutes to 8 hours (e.g., at about 550° C for approximately 4 
hours). In this process, the phosphorus -doped, amorphized re- 
gion 111 functions as a gettering region, thereby performing 
the second gettering step. In the region 111, defects, segre- 
gation sites, etc., capable of trapping nickel have been 
formed, while the solid solubility of the silicon film for 
nickel has been increased significantly by the phosphorus dop- 
ing. Utilizing these gettering powers, nickel 105 remaining in 
the masked portion of the crystalline silicon film is moved 
into the gettering region 111 as indicated by arrow 114, as il- 
lustrated in FIG. IE. 

[0190] In the second gettering step, first, nickel present in 
the form of solid solution in the crystalline silicon film is 
moved into the gettering region 111. As a result, the nickel 
concentration in the silicon film is decreased, whereby Ni 
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silicide masses (particularly small masses and masses of lower 
semiconductor compounds such as NiSi and Ni 2 Si) remaining in 
the film start dissolving in the silicon film. Then, the newly- 
dissolved Ni atoms are also moved into the gettering region 
111. Eventually, small NiSi 2 masses and lower silicide masses 
such as NiSi and Ni 2 Si masses, which could not be removed in 
the first gettering step, are completely removed, and the con- 
centration of solid- solution nickel is also reduced. As meas- 
ured by secondary ion mass spectrometry (SIMS), the nickel 
concentration in the masked regions of the crystalline silicon 
film 104b was decreased to about 5xl0 15 atoms/cm 3 , which is 
close to the measurable lower limit. Needless to say, nickel 
remaining in this region is not present in the form of sili- 
cides but in the form of solid solution, i.e., as interstitial 
nickel atoms . 

[0191] Then, a device isolation process is performed by re- 
moving unnecessary portions of the crystalline silicon film 
104b. Through these steps, an island-shaped crystalline sili- 
con film 115 is formed, as illustrated in FIG. IF, which is to 
be the active region (the source/drain region and the channel 
region) of the TFT. 

[0192] Then, a silicon oxide film having a thickness of about 
20 nm to about 150 nm (about 100 nm in the present preferred 
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embodiment) is deposited, as a gate insulating film 116, so as 
to cover the crystalline silicon film 115 to be the active re- 
gion. The silicon oxide film was formed by decomposing and de- 
positing TEOS (Tetra Ethoxy Ortho Silicate) by an RF plasma CVD 
method with oxygen at a substrate temperature of about 150° C to 
about 600° C (preferably about 300° C to about 450° C). Alterna- 
tively, the silicon oxide film may be formed by a low-pressure 
CVD method or an atmospheric pressure CVD method using TEOS 
with an ozone gas at a substrate temperature of about 350° C to 
about 600° C (preferably about 400° C to about 550° C). 

[0193] Then, aluminum is deposited to a thickness of about 
400 nm to about 800 nm (e.g., about 600 nm) by a sputtering 
method. Then, the aluminum film is patterned to form a gate 
electrode 117. Furthermore, the surface of the aluminum elec- 
trode is anodized to form an oxide film 118. This state is 
shown in FIG. 1G. When the present preferred embodiment is ap- 
plied to pixel TFTs of a liquid crystal display device, or the 
like, the gate electrode 117 also forms a gate bus line as 
viewed from above. The anodization is performed in an ethylene 
glycol solution including about 1% ; to about 5% of tartaric acid 
by first increasing the voltage to about 220 V with a constant 
current supply and then holding the voltage for about 1 hour, 
after which the anodization is terminated. The thickness of 
the obtained oxide film 118 is approximately 300 nm. Note that 
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since the thickness of the oxide film 118 defines the length of 
the offset gate region to be formed in the subsequent ion dop- 
ing step, the length of the offset gate region can be deter- 
mined in this anodization step. 

[0194] Then, as illustrated in FIG. 1H, an n-type impurity 
(phosphorus) 123 is implanted into the active region by an ion 
doping method using the gate electrode 117 and the surrounding 
oxide film 118 as a mask. Phosphine (PH 3 ) is used as the dop- 
ing gas, the acceleration voltage is preferably set to about 60 
kV to about 90 kV (e.g., about 80 kV) , and the dose is prefera- 
bly set to about lxlO 15 cm" 2 to about 8X10 1 cm" 2 (e.g., about 
2X10 1 cm" 2 ). The region 124 that is doped with an impurity 
later becomes the source/drain region of the TFT, and a region 
120 that is masked with the gate electrode 117 and the sur- 
rounding oxide film 118 and is not doped with an impurity later 
becomes the channel region of the TFT. Theri, the substrate is 
annealed by being irradiated with laser light from above the 
substrate so as to activate the implanted n-type impurity while 
improving the crystallinity of portions where the crystallinity 
has been deteriorated through the impurity introducing step as 
described above. In this step, XeCl excimer laser (wavelength: 
about 308 nm, pulse width: about 40 nsec) was used with an en- 
ergy density of about 150 mJ/cm 2 to about 400 mJ/cm 2 (preferably 
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about 200 mJ/cm 2 to about 250 mJ/cm 2 ). The channel region 120 
is masked with the overlying gate electrode 117 and is not ir- 
radiated with laser light. The sheet resistance of the ob- 
tained n-type impurity (phosphorus) region 124 was about 200 Q 

/square to about 5 00 Q/ square. 

[0195] Then, as illustrated in FIG. II, a silicon oxide film 
or a silicon nitride film having a thickness of about 600 nm is 
formed as an interlayer insulating film 132. In a case where a 
silicon oxide film is used, the silicon oxide film is prefera- 
bly formed by a plasma CVD method using TEOS with oxygen, or a 
low-pressure CVD method or an atmospheric pressure CVD method 
using TEOS with ozone, thereby obtaining an interlayer insulat- 
ing film having a desirable step-covering property. Moreover, 
when a silicon nitride film is deposited by a plasma CVD method 
using SiH 4 and NH 3 as material gases, it is possible to obtain 
an effect of reducing dangling bonds that deteriorate the TFT 
characteristics by supplying hydrogen atoms to the interface 
between the active region and the gate insulating film. 

[0196] Then, contact holes are made in the interlayer insu- 
lating film 132, and an electrode/line 133 of the TFT is formed 
by using a metal film, e.g., a two-layer film of titanium ni- 
tride and aluminum. The titanium nitride film is a barrier 
film for preventing the diffusion of aluminum into the semicon- 
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ductor layer. In a case where the TFT (134 in FIG. II) is used 
as a pixel TFT for switching a pixel electrode, a pixel elec- 
trode formed from a transparent conductive film such as ITO is 
connected to one of the two electrodes other than the gate 
electrode (i.e., the drain electrode), and a source bus line is 
connected to the other electrode (i.e., the source electrode). 
In the present preferred embodiment, the source electrode and 
the source bus line are preferably formed integrally with each 
other. A video signal is supplied via the source bus line, and 
a necessary charge is written to the pixel electrode based on 
the gate signal from the gate bus line 117. Moreover, the TFT 
can easily be applied to a thin film integrated circuit, in 
which case an additional contact hole is made over the gate 
electrode 117 for providing a necessary line. 

[0197] Finally, an annealing process is performed in a nitro- 
gen atmosphere or a hydrogen atmosphere at about 350° C for ap- 
proximately 1 hour, thereby completing the TFT 134, as 
illustrated in FIG. II. As necessary, a protection film made 
of silicon nitride, or the like, may be further provided on the 
TFT 134 for the purpose of protecting the TFT 134. 

[0198] A TFT produced according to the preferred embodiment 
as described above had a very high performance with a field- 
effect mobility of about 30 cm 2 /Vs and a threshold voltage of 
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about 1.5 V, and still had no abnormal increase in the TFT off- 
state leak current, which is frequently seen in the prior art, 
with the leak current stably exhibiting a very low value on the 
order of about 0.1 pA per unit W or less. This value is sub- 
stantially the same as that of a conventional TFT produced 
without using a catalyst element, and the TFT defect rate was 
about 1/10000 or less, indicating a significant improvement in 
the production yield. Moreover, substantially no characteris- 
tics deterioration was observed in tests for the resistance to 
repeated operations, the resistance to bias voltages and the 
resistance to thermal stresses, indicating a much higher reli- 
ability over the prior art . 

SECOND PREFERRED EMBODIMENT 

[0199] The second preferred embodiment of the present inven- 
tion will now be described. The second preferred embodiment is 
also directed to a method for producing an n-channel TFT on a 
glass substrate, as in the first preferred embodiment. 

[0200] FIG. 2A to FIG. 21 are cross -sectional views sequen- 
tially illustrating steps for producing the n-channel TFT of 
the present preferred embodiment. 

[0201] Referring to FIG. 2A, a low-alkali glass substrate or 
a quartz substrate may be used as a substrate 201. A low- 
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alkali glass substrate was used in the present preferred em- 
bodiment. In such a case, the substrate may be subjected to a 
pre -heat treatment at a temperature that is lower than the 
glass deformation point by about 10° C to 20° C. A base film 
such as a silicon oxide film, a silicon nitride film or a sili- 
con oxide nitride film is formed on the TFT side of the sub- 
strate 201 for preventing. the diffusion of an impurity from the 
substrate 201. In the present preferred embodiment, a silicon 
oxide nitride film was deposited, as a lower first base film 
202, by a plasma CVD method using material gases of SiH 4 , NH 3 
and N 2 0, and a second base film 203 was deposited on the first 
base film 202 similarly by a plasma CVD method using material 
gases of SiH 4 and N 2 0. The thickness of the silicon oxide ni- 
tride film of the first base film 202 was set to 25 to 200 nm 
(e.g., 100 nm) , and the thickness of the silicon oxide nitride 
film of the second base film 203 was preferably about 25 nm to 
about 300 nm (e.g., about 100 nm) . Then, an intrinsic (I type) 
amorphous silicon film (a-Si film) 204 having a thickness of 
about 20 to about 80 nm (e.g., about 50 nm) is deposited by a 
plasma CVD method. In the present preferred embodiment, the 
first base film 202, the second base film 203 and the a-Si film 
204 were deposited successively without exposing the substrate 
to the atmospheric air by using a multi-chamber parallel-plate 
plasma CVD apparatus. 
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[0202] Then, a catalyst element is added to the a-Si film 
204, and a heat treatment is performed. An aqueous solution 
(aqueous nickel acetate solution) including, for example, an 
approximately 10 ppm by weight of catalyst element (nickel in 
the present preferred embodiment) is applied on the a-Si film 
by a spin coating method, thereby forming a catalyst-element- 
including layer 205. Note that while nickel is added by a spin 
coating method in the present preferred embodiment , a thin film 
of a catalyst element (nickel film in the present preferred em- 
bodiment) may alternatively be formed on an amorphous silicon 
film 204 by a vapor deposition method, a sputtering method, or 
other suitable method. This state is shown in FIG. 2A. The 
concentration of added nickel on the surface of the a-Si film 
204 in the state as illustrated in FIG. 2A was about 5xl0 12 at- 
oms/cm 2 , as measured by a total reflection X-ray fluorescence 
(TRXRF) method. 

[0203] Then, a first heat treatment is performed in an inert 
atmosphere (e.g., a nitrogen atmosphere). The heat treatment 
is preferably performed at about 550° C to about 600° C for ap- 
proximately 30 minutes to 4 hours. In the present preferred 
embodiment , the heat treatment was performed at about 580° C for 
approximately 1 hour. In this heat treatment, nickel 205 added 
to the surface of the a-Si film 204 diffuses into the a-Si film 
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204 while being silicified, and the crystallization of the a-Si 
film 204 proceeds using the silicide as nuclei. As a result, 
the a-Si film 204 is crystallized into a crystalline silicon 
film 204a. 

[0204] Then, as illustrated in FIG. 2B, the crystalline sili- 
con film 204a obtained by the heat treatment is irradiated with 
laser light 208 to further crystallize the crystalline silicon 
film 204a, thereby obtaining a crystalline silicon film 204b 
with an improved crystallinity . In this step, XeCl excimer la- 
ser (wavelength: about 308 nm, pulse width: about 40 nsec) was 
used as the laser light. The laser light irradiation was per- 
formed at a substrate temperature of about 200° C to about 450° C 
(e.g., about 400° C) and with an energy density of about 250 
mJ/cm 2 to about 450 mJ/cm 2 (e.g., about 350 mJ/cm 2 ) . Moreover, 
in the present preferred embodiment, the laser light was shaped 
so as to form an elongate beam spot having a size of 150 mm by 
1 mm on the surface of the substrate 201, and the substrate 201 
was scanned in the direction perpendicular to the longitudinal 
direction of the beam spot and in a line sequential manner with 
a step width of about 0.05 mm. Thus, any point on the crystal- 
line silicon film 204a is irradiated with laser light a total 
of 20 times. The crystalline silicon film 204a obtained by 
solid-phase crystallization as described above is turned into 
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the crystalline silicon film 204b of a higher quality as the 
crystal defects are reduced through the melting/solidification 
process by the laser irradiation. 

[0205] Then, as illustrated in FIG, 2C , the surface of the 
crystalline silicon film 204b is exposed to acid 206 including 
hydrogen fluoride, thereby performing the first gettering step. 
In the present preferred embodiment, this step was performed by 
a dipping method (where a substrate is dipped entirely in a so- 
lution) using a 1:10 buffered hydrogen fluoride (BHF , hydrogen 
fluoride concentration: about 5%) solution. With hydrofluoric 
acid of such a concentration, the treatment time is preferably 
about 10 to about 30 seconds (about 15 seconds in the present 
preferred embodiment). After the substrate was dipped in the 
1:10 BHF solution, the solution was substituted with pure wa- 
ter, and the substrate was washed and then dried with an air 
knife. Through this step, Ni silicide masses (particularly 
large masses and masses of NiSi 2 ) present in the crystalline 
silicon film are selectively etched away by acid 206 including 
hydrogen fluoride, thereby leaving minute holes 207 in the 
crystalline silicon film 204a as traces of the etched-away 
silicide masses. The diameters of the holes were about 0.05 U 
m to about 0.5 Mm. 
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[0206] Then, the surface of the crystalline silicon film 204b 
is oxidized to form a thin silicon oxide film 212 to be an 
etching stopper. The silicon oxide film 212 was formed by 
holding ozone water on the surface of the crystalline silicon 
film 204b. In this step, the ozone concentration of ozone wa- 
ter is preferably about 5 mg/L or more (about 8 mg/L in the 
present preferred embodiment). The holding time for which 
ozone water was held on the surface of the crystalline silicon 
film 204b was about 1 minute. In order to form the silicon ox- 
ide film 212 with a better quality, it is preferred to remove 
the natural oxide film on the surface of the crystalline sili- 
con film 204b before the ozone water treatment. In the present 
preferred embodiment , the ozone water treatment was performed 
after an active surface of the silicon film was exposed through 
the first gettering step with acid 206 including hydrogen fluo- 
ride, which functions also as a cleaning step with hydrogen 
fluoride preceding the ozone water treatment . The thickness of 
the obtained silicon oxide film 212 was about 30 A as measured 
by spectroscopic ellipsometry . 

[0207] Then, a phosphorus -including a-Si film 213 is formed 
preferably by a plasma CVD method so as to cover the oxide film 
212. The phosphorus -including a-Si film functions as a getter- 
ing layer. The phosphorus -including a-Si film 213 was formed 
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by a plasma CVD method using silane (SiH 4 ) and phosphine (PH 3 ) 
as material gases. The phosphorus concentration of the a-Si 
film 213 can be adjusted by controlling the flow rate of the 
phosphine gas. In the present preferred embodiment, the 
PH 3 /SiH 4 flow rate was set to about 3/100. Then, the phosphorus 
concentration of the a-Si film 213 was about 1%. While phos- 
phorus was used as the gettering element included in the get- 
tering layer in the present preferred embodiment, the gettering 
capability can be further increased by using boron in addition 
to phosphorus. This can be done by using a diborane (B 2 H 6 ) gas 
as an additional deposition material gas in addition to the two 
gases specified above. A high gettering effect can also be ob- 
tained by introducing a rare gas element such as Ar, instead of 
phosphorus, during the deposition step so as to obtain an a-Si 
film with the rare gas included therein. This state is shown 
in FIG. 2D. 

[0208] Then, the second heat treatment is performed in an in- 
ert atmosphere. In the present preferred embodiment, a rapid 
thermal annealing process was performed in a nitrogen atmos- 
phere, for example. The rapid thermal annealing was performed 
as follows. The substrate was pre-heated to about 400° C, and 
the temperature was increased at a rate of about 50° C/min to 
about 300° C/min and held at a temperature of about 600° C to 
about 750° C for approximately 30 seconds to 15 minutes (more 
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preferably at a temperature of about 650° C to about 700° C for 
approximately 1 minute to 10 minutes). In the present pre- 
ferred embodiment, a rapid thermal annealing process of such a 
temperature profile as described above was realized by provid- 
ing a temperature gradient in the furnace by using a resistive 
heating furnace and controlling the speed at which the sub- 
strate is inserted into the furnace. In this process, one sub- 
strate is processed at a time and a nitrogen gas heated to a 
high temperature is blown uniformly onto the surface of the 
substrate 201, thereby obtaining a high temperature-increasing 
rate that cannot be obtained only with heat radiation, and also 
obtaining a thermal uniformity across the surface of the sub- 
strate while it is being heated - 

[0209] With such a rapid thermal annealing process, nickel 
205 in the crystalline silicon film 204b is moved upwardly by 
the phosphorus -including a-Si film 213 as indicated by arrow 
214 in FIG. 2E. While nickel 205 needs to pass through the 
silicon oxide film 212, the movement of nickel 205 is not hin- 
dered by such a thin silicon oxide film of the present pre- 
ferred embodiment. The solid solubility of the a-Si film 213 
for nickel has been increased significantly by phosphorus, 
while defects, etc., therein function as segregation traps for 
nickel to effect a gettering action, thereby performing the 
second gettering step. In the second gettering step, first, 
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nickel present in the form of solid solution in the crystalline 
silicon film 204b is moved into the gettering layer 213. As a 
result, the nickel concentration in the silicon film is de- 
creased, whereby Ni silicide masses (particularly small masses 
and masses of lower semiconductor compounds such as NiSi and 
Ni 2 Si) remaining in the film start dissolving in the silicon 
film. Then, the newly dissolved Ni atoms are also moved into 
the gettering layer 213. Eventually, small NiSi 2 masses and 
lower silicide masses such as NiSi and Ni 2 Si masses, which 
could not be removed in the first gettering step, are com- 
pletely removed, and the concentration of solid- solution nickel 
is also reduced. As measured by secondary ion mass spectrome- 
try (SIMS), the nickel concentration in the crystalline silicon 
film 204b was decreased to about 5xl0 15 atoms/cm 3 , which is 
close to the measurable lower limit. Needless to say, nickel 
remaining in the crystalline silicon film 204b is not present 
in the form of silicides but in the form of solid solution, 
i.e., as interstitial nickel atoms. 

[0210] Then, the a-Si film 213, being a gettering layer, is 
etched away entirely. The etching process requires an etchant 
having a sufficient etching selectivity between the a-Si film 
and the silicon oxide film so that the underlying silicon oxide 
film 212 sufficiently functions as an etching stopper. In the 
present preferred embodiment, a strong alkaline solution such 

94 



as a developer solution was preferably used. Then, after re- 
moving the a-Si film 213 , which is a gettering layer, the sili- 
con oxide film 212 is etched away. The etching process was a 
wet etching process using an etchant of 1:100 buffered hydrogen 
fluoride (BHF), which has a sufficient etching selectivity be- 
tween the silicon oxide film and the underlying silicon film 
204b. 

[0211] Then, a device isolation process is performed by re- 
moving unnecessary portions of the crystalline silicon film 
204b. Through these steps, an island-shaped crystalline sili- 
con film 215 is formed, as illustrated in FIG. 2F, which is to 
be the active region (the source/drain region and the channel 
region) of the TFT. Then, a gate insulating film 216 is formed 
to cover the island- shaped crystalline silicon film 215. The 
gate insulating film 216 is preferably a silicon oxide film 
having a thickness of about 20 tun to about 150 nm. In the pre- 
sent preferred embodiment, a silicon oxide film having a thick- 
ness of 100 nm was formed by a plasma CVD method using TEOS and 
an oxygen gas as material gases. After the deposition process, 
an annealing process was performed in an inert gas atmosphere 
at about 500° C to about 600° C for approximately 1 to 4 hours in 
order to improve the bulk properties of the gate insulating 
film itself and the characteristics of the interface between 

the crystalline silicon film and the gate insulating film. 
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[0212] Then, a conductive film was deposited on the gate in- 
sulating film 216 by a sputtering method or a CVD method, and 
patterned to form a gate electrode 217. In the present pre- 
ferred embodiment, aluminum (including about 1% of scandium) is 
deposited by a sputtering method to a thickness of about 400 nm 
to about 800 nm (e.g., about 500 nm) and patterned to form the 
gate electrode 217. The high temperature resistance of the 
aluminum film can be improved by adding thereto a small amount 
of scandium, titanium, silicon, or other suitable material. 

[0213] Then, as illustrated in FIG. 2G, a low concentration 
of an impurity (phosphorus) 219 is implanted into the active 
region by an ion doping method using the gate electrode 217 as 
a mask. Phosphine (PH 3 ) is used as the doping gas, the accel- 
eration voltage is preferably set to about 60 kV to about 90 kV 
(e.g., about 80 kV) , and the dose is preferably set to about 
lxlO 12 to about lxlO 1 cm" 2 (e.g., about 8xlO x cm" 2 ). Through this 
step, a low concentration of phosphorus 219 is implanted into a 
region 221 of the island-shaped silicon film 215 that is not 
covered with the gate electrode 217, and a region 220 that is 
masked with the gate electrode 217 and is not doped with phos- 
phorus 219 will later be the channel region of the TFT. 

[0214] Then, a photoresist doping mask 222 with a thick side 
wall is provided so as to cover the gate electrode 217, as il- 
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lustrated in FIG. 2H. Then, a high concentration of an impu- 
rity (phosphorus) 223 is implanted into the active region by an 
ion doping method using the resist mask 222. Phosphine (PH 3 ) 
is used as the doping gas, the acceleration voltage is prefera- 
bly set to about 60 kV to about 90 kV (e.g., about 80 kV) , and 
the dose is preferably set to about IxlO 15 to about 8X10 1 cm* 2 
(e.g., about 2X10 1 cm" 2 ). The region doped with a high concen- 
tration of the impurity (phosphorus) 223 will later be a 
source/drain region 224 of the TFT. In the active region 215, 
the region that is covered with the resist mask 222 and is not 
doped with a high concentration of phosphorus 223 is left as a 
region doped with a low concentration of phosphorus, which 
forms the LDD (Lightly Doped Drain) region 221. By forming the 
LDD region 221 as described above, the electric field localiza- 
tion at the junction between the channel region and the 
source/drain region is reduced, whereby it is possible to re- 
duce the TFT of f -state leak current and to suppress the dete- 
rioration due to hot carriers, thus improving the reliability 
of the TFT. 

[0215] Then, after the photoresist 222 used as a doping mask 
is removed, the substrate is annealed by being irradiated with 
laser light from above the substrate so as to activate the im- 
planted impurity while improving the crystallinity of portions 
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where the crystallinity has been deteriorated through the impu- 
rity introducing step as described above. In this step, XeCl 
excimer laser (wavelength: about 308 nm, pulse width: about 40 
nsec) was used with an energy density of about 150 mJ/cm 2 to 
400 mJ/cm 2 (preferably about 200 mJ/cm 2 to about 250 mJ/cm 2 ). 
The sheet resistance of the obtained n-type impurity (phospho- 
rus) region 224 was about 200 Q /square to 500 Q /square, and 
the sheet resistance of the LDD region 221 doped with a low 
concentration of phosphorus was about 30 Q /square to about 50 
kQ / square . 

[0216] Then, as illustrated in FIG. 21, a silicon oxide film 
or a silicon nitride film having a thickness of about 400 nm to 
about 1000 nm is formed as an interlayer insulating film 232. 
Then, contact holes are made in the interlayer insulating film 
232, and an electrode/line 233 of the TFT is formed by using a 
metal film, e.g., a two-layer film of titanium nitride and alu- 
minum. The titanium nitride film is a barrier film for pre- 
venting the diffusion of aluminum into the semiconductor layer. 
In a case where the TFT (234 in FIG. 21) is used as a pixel 
TFT, a pixel electrode formed from a transparent conductive 
film such as ITO is connected to one of the two electrodes 
other than the gate electrode (i.e., the drain electrode). Fi- 
nally, an annealing process is performed in a nitrogen atmos- 
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phere or a hydrogen atmosphere at about 350° C for approximately 
1 hour, thereby completing the TFT 234 , as illustrated in FIG. 
21. As necessary, a protection film made of silicon nitride, 
or other suitable material, may be further provided on the TFT 
234 for the purpose of protecting the TFT 234. 

[0217] A TFT produced according to the preferred embodiment 
described above exhibited excellent electrical characteristics 
as with the TFT produced in the first preferred embodiment. 
TFTs having a dual-gate structure were produced according to 
the present preferred embodiment and used as pixel TFTs on the 
active matrix substrate of a liquid crystal display panel. The 
obtained liquid crystal panel, as compared with a reference 
panel produced by a conventional method, had a high display 
quality with a significantly reduced display non-uniformity, 
very few pixel defects due to TFT leak, and a high contrast ra- 
tio. 

THIRD PREFERRED EMBODIMENT 

[0218] The third preferred embodiment of the present inven- 
tion will now be described. The present preferred embodiment 
is directed to a process of producing, on a glass substrate, a 
circuit having a CMOS structure including a complementary set 
of an n-channel TFT and a p-channel TFT, which is used in a pe- 
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ripheral driving circuit of an active matrix liquid crystal 
display device or a general thin film integrated circuit. 

[0219] FIG. 3A to FIG. 3E and FIG. 4A to FIG. 4D are cross- 
sectional views sequentially illustrating steps for producing 
the TFTs of the present preferred embodiment. 

[0220] Referring to FIG. 3A, a low-alkali glass substrate was 
used as a substrate 301. In such a case, the substrate may be 
subjected to a pre -heat treatment at a temperature that is 
lower than the glass deformation point by about 10° C to about 
20° C. A base film such as a silicon oxide film, a silicon ni- 
tride film or a silicon oxide nitride film is formed on the TFT 
side of the substrate 301 for preventing the diffusion of an 
impurity from the substrate 301. In the present preferred em- 
bodiment, a silicon oxide nitride film was deposited, as a 
lower first base film 302, by a plasma CVD method using mate- 
rial gases of SiH 4 , NH 3 and N 2 0, and a second base film 303 was 
deposited on the first base film 302 similarly by a plasma CVD 
method using material gases of SiH 4 and N 2 0. The thickness of 
the silicon oxide nitride film of the first base film 302 was 
preferably set to about 25 nm to about 200 nm (e.g., about 50 
nm) , and the thickness of the silicon oxide nitride film of the 
second base film 303 was preferably set to about 25 nm to about 
300 nm (e.g., about 100 nm) . While a two-layer base film is 
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used in the present preferred embodiment, a single-layer sili- 
con oxide film, for example, may alternatively be used. 

[0221] Then, an amorphous silicon film (a-Si film) 304 having 
a thickness of about 20 nm to about 150 nm (preferably about 30 
nm to about 80 nm) is formed by a known method such as a plasma 
CVD method or a sputtering method. In the present preferred 
embodiment, an amorphous silicon film was formed to a thickness 
of about 50 nm by a plasma CVD method. Since the base films 
302 and 303 and the amorphous silicon film 304 can be formed by 
the same deposition method, they may alternatively be formed 
successively. By not exposing the base films to the atmosphere 
after they are formed, it is possible to prevent the contamina- 
tion of the surface of the base, films, thereby reducing the 
characteristics variations among TFTs produced and the fluctua- 
tions in the threshold voltage. 

[0222] Then, a small amount of a catalyst element (nickel in 
the present preferred embodiment) 305 is added to the surface 
of the a-Si film 304. The addition of a small amount of nickel 
305 was performed by holding a nickel solution on the a-Si film 
304, uniformly spreading the solution across the substrate 301 
by a spinner, and then drying the substrate 301. In the pre- 
sent preferred embodiment, nickel acetate was used as the sol- 
ute , water was used as the solvent , and the nickel 
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concentration in the solution was controlled to be about 8 ppm. 
This state is shown in FIG. 3A. The concentration of added 
nickel on the surface of the a-Si film 304 in the state as il- 
lustrated in FIG. 3A was about 5xl0 12 atoms/cm 2 , as measured by 
a total reflection X-ray fluorescence (TRXRF) method. Methods 
for adding a catalyst element to an amorphous silicon film in- 
clude, in addition to the method of applying a solution includ- 
ing the catalyst element, vapor-phase application methods such 
as a plasma doping method, a vapor deposition method and a 
sputtering method. When a solution is used, it is easy to con- 
trol the amount of the catalyst element to be added, and very 
small amounts of the catalyst element can easily be added. 

[0223] Then, a first heat treatment is performed in an inert 
atmosphere (e.g., a nitrogen atmosphere). The heat treatment 
is performed at about 520° C to about 600° C for approximately 1 
to 8 hours. In the present preferred embodiment, the heat 
treatment was performed at about 580° C for approximately 1 
hour. In this heat treatment, nickel 305 added to the surface 
of the a-Si film 304 diffuses into the a-Si film 304 while be- 
ing silicified, and the crystallization of the a-Si film 304 
proceeds using the silicide as nuclei. As a result, the a-Si 
film 304 is crystallized into a crystalline silicon film 304a, 
as illustrated in FIG. 3B. 
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[0224] Then, as illustrated in FIG. 3C, the crystalline sili- 
con film 304a is irradiated with laser light 308 to further 
crystallize the crystalline silicon film 304a, thereby improv- 
ing the crystallinity thereof. In this step, XeCl excimer la- 
ser (wavelength: about 308 nm, pulse width: about 40 nsec) was 
used as the laser light. The laser light irradiation was per- 
formed without heating the substrate and with an energy density 
of about 250 mJ/cm 2 to about 500 mJ/cm 2 (e.g., about 400 
mJ/cm 2 ) . The laser light was shaped so as to form an elongate 
beam spot having a size of about 150 mm by about 1 mm on the 
surface of the substrate 301, and the substrate 301 was scanned 
in the direction that is substantially perpendicular to the 
longitudinal direction of the beam spot and in a line sequen- 
tial manner with a step width of about 0.05 mm. Thus, any 
point on the crystalline silicon film 304a is irradiated with 
laser light a total of 20 times . The crystalline silicon film 
304a obtained by solid-phase crystallization as described above 
is turned into a crystalline silicon film 304b of a higher 
quality as the crystal defects are reduced through the melt- 
ing/solidification process by the laser irradiation. The laser 
light used in this step may be KrF excimer laser, XeCl excimer 
laser, YAG laser or YV0 4 laser of either a pulsed oscillation 
type or a continuous oscillation type. The crystallization 
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conditions may be determined appropriately for each specific 
application. 

[0225] Then, as illustrated in FIG. 3D, the surface of the 
crystalline silicon film 304b is exposed to acid 306 including 
hydrogen fluoride, thereby performing the first gettering step. 
In the present preferred embodiment, this step was performed by 
a dipping method (where a substrate is dipped entirely in a so- 
lution) using a 1% hydrofluoric acid solution. With hydroflu- 
oric acid of such a concentration, the treatment time is 
preferably about 60 seconds to about 180 seconds (about 120 
seconds in the present preferred embodiment). After the sub- 
strate was dipped in the hydrofluoric acid solution, the solu- 
tion was substituted with pure water, and the substrate was 
washed and spun dry. Through this step , Ni silicide masses 
(particularly large masses and masses of NiSi 2 ) present in the 
crystalline silicon film are selectively etched away by hydro- 
fluoric acid 306, thereby leaving minute holes 307 in the crys- 
talline silicon film 304b as traces of the etched-away silicide 
masses. The diameters of the holes were about 0.0 5 H m to 
about 0.5 Mm. 

[0226] Then, a device isolation process is performed by re- 
moving unnecessary portions of the crystalline silicon film 
304b. Through this step, island- shaped crystalline silicon 
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films 315n and 315p are formed, which will later be the active 
regions (the source/drain regions and the channel regions) of 
the n-channel TFT and the p-channel TFT, respectively, as il- 
lustrated in FIG, 3E. 

[0227] Boron (B) may be added, as an impurity element giving 
p-type conductivity, to the entire surface of the active re- 
gions of the n-channel TFT and the p-channel TFT at a concen- 
tration of about lxlO 16 to about 5xl0 17 /cm 3 for the purpose of 
controlling the threshold voltage. Boron (B) may be added by 
an ion doping method, or may alternatively be added to the 
amorphous silicon film when the amorphous silicon film is de- 
posited. 

[0228] Then, a silicon oxide film having a thickness of about 
20 nm to about 150 nm (about 100 nm in the present preferred 
embodiment) is deposited, as a gate insulating film 316, so as 
to cover the crystalline silicon films 315n and 315p to be the 
active regions. The silicon oxide film was formed by decompos- 
ing and depositing TEOS by an RF plasma CVD method with oxygen 
at a substrate temperature of about 300° C to about 450° C. The 
gate insulating film 316 may alternatively be any other suit- 
able silicon- including insulating film and may be a single- 
layer film or a multi-layer film. 
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[0229] Then, a high-melting metal is deposited by a sputter- 
ing method and then patterned to form gate electrodes 317n and 
317p. The high-melting metal may be an element selected from 
tantalum (Ta), tungsten (W) , molybdenum (Mo) and titanium (Ti), 
an alloy including one of these elements as its main component, 
or an alloy of these elements (typically, an Mo-W alloy or an 
Mo-Ta alloy). The material may alternatively be tungsten sili- 
cide, titanium silicide or molybdenum silicide. In the present 
preferred embodiment, tungsten (W) was deposited to a thickness 
of about 300 nm to about 600 run (e.g., about 450 nm) . The con- 
centration of the impurity to be added for reducing the resis- 
tance is preferably low. When the oxygen concentration was set 
to about 30 ppm or less, a resistivity value of about 20 uQcm 
or less was realized. 

[0230] Then, as illustrated in FIG. 4A, an n-type impurity 
(phosphorus) 323 is implanted into the active region by an ion 
doping method using the gate electrodes 317n and 317p as masks. 
Phosphine (PH 3 ) is used as the doping gas, the acceleration 
voltage is set to about 60 kV to about 90 kV (e.g., about 80 
kV) , and the dose is set to about IxlO 15 cm" 2 to about lxlO 1 cm" 2 
(e.g., about 6x10* cm" 2 ). In the active region 315n of the n- 
channel TFT, a region 324 doped with a high concentration of 
phosphorus 323 will later be the source/drain region of the n- 
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channel TFT, and the region that is masked with the gate elec- 
trode 317n and is not doped with phosphorus 323 will later be a 
channel region 320n of the n-channel TFT. The active region 
315p of the p-channel TFT is also doped with phosphorus. This 
is done so that a high concentration of phosphorus implanted 
into these regions can be used as a gettering element for get- 
tering the catalyst element into the source and drain regions 
in the subsequent second heat treatment . 

[0231] Then, as illustrated in FIG. 4B, a photoresist doping 
mask 325 is provided so as to cover the active region 315n of 
the n-channel TFT. Then, an impurity giving p-type conductiv- 
ity (boron) 326 is implanted into the active region 315p of the 
p-channel TFT by an ion doping method using the resist mask 325 
and the gate electrode 317p of the p-channel TFT as masks. 
Diborane (B 2 H 6 ) is used as the doping gas, the acceleration 
voltage is set to about 40 kV to about 80 kV (e.g., 65 kV) , and 
the dose is set to about 5xl0 15 to about 2xlO x cm" 2 (e.g., about 
IxlO 1 cm" 2 ). The polarity of a region 327 that is doped with a 
high concentration of boron 326 is inverted from n type to p 
type through a so-called "counter doping" process, and will 
later be the source/drain region of the p-channel TFT, whereas 
the region that is masked with the gate electrode 317p and is 
not doped with an impurity will later be a channel region 320p 
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of the p-channel TFT. In this step, since the active region 
315n of the n-channel TFT is covered entirely with a mask 325, 
the active region 315n is not at all doped with boron 326. 

[0232] As described above, each of the n-type impurity and 
the p-type impurity is selectively doped by using a photoresist 
for covering a region that does not need to be doped with the 
impurity, thereby forming the heavily-doped n-type impurity re- 
gion 324 and the p-type impurity region 327. Note that n-type 
and p-type impurity elements are added in this order to the 
semiconductor layer in the present preferred embodiment, the 
order is not limited to this but may be determined appropri- 
ately for each specific application. 

[0233] Then, after the resist mask 325 is removed, the second 
heat treatment is performed in an inert atmosphere (e.g., a ni- 
trogen atmosphere). In the present preferred embodiment, the 
heat treatment is preferably performed at about 520° C to about 
600° C for about 30 minutes to 8 hours. In this heat treatment 
step, phosphorus doped into the source/drain region in each of 
the active region 315n of the n-channel TFT and the active re- 
gion 315p of the p-channel TFT increases the solid solubility 
of the region for nickel, so that nickel is moved from the 
channel regions 320n and 320p into the source/drain regions 324 
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and 327 as indicated by arrow 314, thereby performing the 
second gettering step (FIG. 4C) . 

[0234] In the second gettering step, first, nickel present in 
the form of solid solution in the channel regions 320n and 320p 
is moved into the source/drain regions 324 and 327. As a re- 
sult, the nickel concentration in each channel region is de- 
creased, whereby Ni silicide masses (particularly small masses 
and masses of lower semiconductor compounds such as NiSi and 
Ni 2 Si) remaining in the channel region start dissolving in the 
channel region. Then, the newly dissolved Ni atoms are also 
moved into the source/drain regions 324 and 327. Eventually, 
small NiSi 2 masses and lower silicide masses such as NiSi and 
Ni 2 Si masses, which could not be removed in the first gettering 
step, are completely removed, and the concentration of solid- 
solution nickel is also reduced. As measured by secondary ion 
mass spectrometry (SIMS), the nickel concentration in the chan- 
nel regions 320n and 320p was decreased to about 5xl0 15 at- 
oms/cm 3 , which is close to the measurable lower limit. 
Needless to say, nickel remaining in each channel region is not 
present in the form of silicides but in the form of solid solu- 
tion, i.e., as interstitial nickel atoms. On the other hand, 
since nickel is moving into the source/drain region, the nickel 
concentration is about lxl0 19 /cm 3 or more in the source/drain 
regions 324 and 327. 
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[0235] This heat treatment step also activates the n-type im- 
purity (phosphorus) 323 doped into the source/drain region 324 
of the n-channel TFT and the p-type impurity (boron) 326 doped 
into the source/drain region 327 of the p-channel TFT. As a 
result, the sheet resistance value of the source/drain region 
324 of the n-channel TFT was about 400 Q /square to about 700 

Q /square, and the sheet resistance value of the source/drain 

region 327 of the p-channel TFT was about 1 Q /square to about 

1.5 kQ /square. 

[0236] Then, as illustrated in FIG. 4D, an inorganic inter- 
layer insulating film is formed. A silicon nitride film, a 
silicon oxide film or a silicon nitride oxide film is formed to 
a thickness of about 400 nm to about 1500 run (typically, about 
600 nm to about 1000 nm) . In the present preferred embodiment, 
a silicon nitride film 331 having a thickness of about 200 nm 
and a silicon oxide film 332 having a thickness of about 700 nm 
were deposited on one another, thereby providing a two-layer 
film. The deposition process is performed by a plasma CVD 
method to continuously form the silicon nitride film using SiH 4 
and NH 3 as material gases, and the silicon oxide film using 
TEOS and 0 2 as material gases. Needless to say, the inorganic 
interlayer insulating film may alternatively be any other suit- 
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able silicon- including insulating film and may be a single- 
layer film or a multi-layer film, 

[0237] Then, another heat treatment is performed at about 
300° C to about 500° C for 1 to several hours as a step of hydro- 
genating the semiconductor layer. This step is performed for 
terminating and inactivating dangling bonds that deteriorate 
the TFT characteristics by supplying hydrogen atoms to the in- 
terface between the active region and the gate insulating film. 
In the present preferred embodiment, a heat treatment was per- 
formed in a nitrogen atmosphere including about 3% of hydrogen 
at about 410° C for approximately 1 hour. When a sufficient 
amount of hydrogen is contained in the interlayer insulating 
film (particularly the silicon nitride film 331), the effect 
can be obtained also by performing the heat treatment in a ni- 
trogen atmosphere. Other hydrogenation processes that can be 
used include a plasma hydrogenation process (using hydrogen ex- 
cited by a plasma) . 

[0238] Then, contact holes are made in the interlayer insu- 
lating film, and an electrode/line 333 of the TFT is formed by 
using a metal film, e.g., a two-layer film of titanium nitride 
and aluminum. The titanium nitride film is a barrier film for 
preventing the diffusion of aluminum into the semiconductor 
layer. Finally, an annealing process is performed at about 
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350° C for approximately 1 hour, thereby obtaining an n-channel 
TFT 334 and a p-channel TFT 335 as illustrated in FIG. 4D. As 
necessary, additional contact holes may be made over the gate 
electrodes 317n and 317p for providing necessary connection be- 
tween electrodes with the line 333. Moreover, a protection 
film made of silicon nitride, or other suitable material, may 
be further provided on each TFT for the purpose of protecting 
the TFT. 

[0239] An n-channel TFT and a p-channel TFT produced accord- 
ing to the preferred embodiment as described above exhibited 
very desirable characteristics with high field-effect mobili- 
ties of about 250 cm 2 /Vs to about 30 cm 2 /Vs and about 120 cm 2 /Vs 
to 15 cm 2 /Vs, respectively, and with threshold voltages of 
about 1 V and about -1.5 V, respectively. Moreover, these TFTs 
exhibited substantially no abnormal increase in the TFT off- 
state leak current , which is frequently seen in the prior art, 
and substantially no characteristics deterioration was observed 
in tests for the resistance to repeated operations, the resis- 
tance to bias voltages and the resistance to thermal stresses. 
Moreover, as a CMOS circuit having a complementary set of an n- 
channel TFT and a p-channel TFT produced according to the pre- 
sent preferred embodiment was used in various circuits such as 
an inverter chain and a ring oscillator, the circuits exhibited 
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a much higher reliability and more stable circuit characteris- 
tics over the prior art. 

FOURTH PREFERRED EMBODIMENT 

[0240] The fourth preferred embodiment of the present inven- 
tion will now be described. The present preferred embodiment 
is also directed to a process of producing, on a glass sub- 
strate, a circuit having a CMOS structure including a comple- 
mentary set of an n-channel TFT and a p-channel TFT. 

[0241] FIG. 5A to FIG. 5F and FIG. 6A to FIG. 6D are cross - 

sectional views sequentially illustrating steps for producing 
the TFTs of the present preferred embodiment. 

[0242] Referring to FIG. 5A, a base film such as a silicon 
oxide film, a silicon nitride film or a silicon oxide nitride 
film is formed on the TFT side of a low-alkali glass substrate 
401 for preventing the diffusion of an impurity from the sub- 
strate 401. In the present preferred embodiment, a silicon ox- 
ide nitride film was deposited, as a lower first base film 402, 
by a plasma CVD method using material gases of SiH 4 , NH 3 and 
N 2 0, and a second base film 403 was deposited on the first base 
film 402 similarly by a plasma CVD method using material gases 
of TEOS and O z . The thickness of the silicon oxide nitride 
film of the first base film 402 was set to about 100 nm, for 
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example, and the thickness of the silicon oxide nitride film of 
the second base film 403 was also set to about 100 nm, for ex- 
ample. 

[0243] Then, an amorphous silicon film (a-Si film) 404 having 
a thickness of about 20 nm to about 150 nm (preferably about 30 
nm to about 80 nm) is formed by a known method such as a plasma 
CVD method or a sputtering method. In the present preferred 
embodiment, an amorphous silicon film was formed to a thickness 
of about 50 nm by a plasma CVD method. Since the base films 
402 and 403 and the amorphous silicon film 404 can be formed by 
the same deposition method, they may alternatively be formed 
successively. 

[0244] Then, a small amount of a catalyst element (nickel in 
the present preferred embodiment) 405 is added to the surface 
of the a-Si film 404. The addition of a small amount of nickel 
405 was performed by holding a nickel solution on the a-Si film 
404, uniformly spreading the solution across the substrate 401 
by a spinner, and then drying the substrate 401. In the pre- 
sent preferred embodiment, nickel acetate was used as the sol- 
ute, water was used as the solvent, and the nickel 
concentration in the solution was controlled to be about 8 ppm. 
This state is shown in FIG. 5A. The concentration of added 
nickel on the surface of the a-Si film 404 in the state as il- 
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lustrated in FIG, 5A was about 5xl0 12 atoms/cm 2 , as measured by 
a total reflection X-ray fluorescence (TRXRF) method. 

[0245] Then, a heat treatment is performed in an inert atmos- 
phere (e.g., a nitrogen atmosphere). The heat treatment is 
performed at about 520° C to about 600° C for approximately 1 to 
8 hours. In the present preferred embodiment, the heat treat- 
ment was performed at about 550° C for approximately 4 hours. 
In this heat treatment, nickel 405 added to the surface of the 
a-Si film 404 diffuses into the a-Si film 404 while being sili- 
cified, and the crystallization of the a-Si film 404 proceeds 
using the silicide as nuclei. As a result, the a-Si film 404 
is crystallized into a crystalline silicon film 404a, as illus- 
trated in FIG. 5B. 

[0246] Then, as illustrated in FIG. 5C, the surface of the 
crystalline silicon film 404a is exposed to acid 406 including 
hydrogen fluoride, thereby performing the first gettering step. 
In the present preferred embodiment, this step was performed by 
a dipping method (where a substrate is dipped entirely in a so- 
lution) using a 1% hydrofluoric acid solution. With hydroflu- 
oric acid of such a concentration, the treatment time is 
preferably about 60 seconds to about 180 seconds (about 120 
seconds in the present preferred embodiment). After the sub- 
strate was dipped in the hydrofluoric acid solution, the solu- 
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tion was substituted with pure water, and the substrate was 
washed and spun dry* Through this step, Ni silicide masses 
(particularly large masses and masses of NiSi 2 ) present in the 
crystalline silicon film are selectively etched away by hydro- 
fluoric acid 406, thereby leaving minute holes 407 in the crys- 
talline silicon film 404a as traces of the etched-away silicide 
masses. The diameters of the holes were about 0.1 Mm to about 
0.8 Urn. 

[0247] Then, as illustrated in FIG. 4D, the crystalline sili- 
con film 404a is irradiated with laser light 408 to further 
crystallize the crystalline silicon film 404a, thereby improv- 
ing the crystallinity thereof. The dipping treatment with hy- 
drofluoric acid 406 illustrated in FIG. 4C serves also as a 
pre-cleaning step for this laser irradiation step. In this 
step, XeCl excimer laser (wavelength: about 308 nm, pulse 
width: about 40 nsec) was used as the laser light. The laser 
light irradiation was performed with an energy density of about 
400 mJ/cm 2 . The laser light was shaped so as to form an elon- 
gate beam spot having a size of about 150 mm by about 1 mm, and 
the substrate was scanned in the direction that is substan- 
tially perpendicular to the longitudinal direction of the beam 
spot and in a line sequential manner with a step width of about 
0.05 mm. Thus, any point on the crystalline silicon film 404a 
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is irradiated with laser light a total of 20 times. The crys- 
talline silicon film 404a obtained by solid-phase crystalliza- 
tion as described above is turned into a crystalline silicon 
film 404b of a higher quality as the crystal defects are re- 
duced through the melting/solidification process by the laser 
irradiation. 

[0248] Then, a device isolation process is performed by re- 
moving unnecessary portions of the crystalline silicon film 
404b. Through this step, island- shaped crystalline silicon 
films 415n and 415p, which will later be the active regions 
(the source/drain regions and the channel regions) of the n- 
channel TFT and the p-channel TFT, respectively, as illustrated 
in FIG. 5E. 

[0249] Boron (B) may be added, as an impurity element giving 
p-type conductivity, to the entire surface of the active re- 
gions of the n-channel TFT and the p-channel TFT at a concen- 
tration of about lxlO 16 to about 5xl0 17 /cm 3 for the purpose of 
controlling the threshold voltage. Boron (B) may be added by 
an ion doping method, or may alternatively be added to the 
amorphous silicon film when the amorphous silicon film is de- 
posited. 

[0250] Then, a silicon oxide film having a thickness of about 
20 nm to about 150 nm (about 100 nm in the present preferred 
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embodiment) is deposited, as a gate insulating film 416 , so as 
to cover the crystalline silicon films 415n and 415p to be the 
active regions. The silicon oxide film was formed by decompos- 
ing and depositing TEOS by an RF plasma CVD method with oxygen 
at a substrate temperature of about 150° C to about 600° C (pref- 
erably about 300° C to about 450° C). 

[0251] Then, as illustrated in FIG. 5F, a high-melting metal 
is deposited by a sputtering method and then patterned to form 
gate electrodes 417n and 417p. In the present preferred em- 
bodiment, tantalum (Ta) doped with a small amount of nitrogen 
was deposited to a thickness of about 300 nm to about 600 nm 
(e.g., about 450 nm) . 

[0252] Then, a low concentration of an impurity (phosphorus) 
419 is implanted into the active region by an ion doping method 
using the gate electrodes 417n and 417p as masks. Phosphine 
(PH 3 ) is used as the doping gas, the acceleration voltage is 
set to about 60 kV to about 90 kV (e.g., about 80 kV) , and the 
dose is set to about lxlO 12 to about lxlO 1 cm" 2 (e.g., about 
2xlO x cm' 2 ). Through this step, regions of the island-shaped 
silicon films 415n and 415p that are not covered with the gate 
electrodes 417n and 417p become regions 421 doped with a low 
concentration of phosphorus 419, and regions that are masked 
with the gate electrodes 417n and 417p and are not doped with 
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the impurity 419 will later be channel regions 420n and 420p of 
the n-channel TFT and the p- channel TFT, respectively. This 
state is shown in FIG. 5F. 

[0253] Then, as illustrated in FIG. 6A, photoresist doping 
masks 422 are provided. For the n-channel TFT, the photoresist 
doping mask 422 with a thick side wall is provided so as to 
cover the gate electrode 417n ; as illustrated in FIG. 6A. For 
the p-channel TFT, the photoresist doping mask 422 with a 
thicker side wall is provided so as to cover the gate electrode 
417p with only a peripheral portion of the active region 415p 
being exposed. Then, a high concentration of an impurity 
(phosphorus) 423 is implanted into the active region by an ion 
doping method using the resist masks 422. Phosphine (PH 3 ) is 
used as the doping gas, the acceleration voltage is set to 
about 60 kV to about 90 kV (e.g., about 80 kV) , and the dose is 
set to about 2xl0 15 cm' 2 to about lxlO 1 cm" 2 (e.g., about SxlO 1 
cm" 2 ). For the n-channel TFT, a region 424 doped with a high 
concentration of the impurity (phosphorus) 423 will later be 
the source/drain region of the n-channel TFT. The region of 
the active region 415n that is covered with the resist mask 422 
and is not doped with a high concentration of phosphorus 423 is 
left as a region doped with a low concentration of phosphorus, 
which forms the LDD (Lightly Doped Drain) region 421. For the 
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p-channel TFT, the region 424 doped with a high concentration 
of the impurity (phosphorus) 423 will later form the gettering 
region of the p-channel TFT. The concentration of the n-type 
impurity element (phosphorus) 423 in the region 424 is about 
IxlO 19 to about lxl0 21 /cm 3 . Moreover, the concentration of the 
n-type impurity element (phosphorus) 419 in the LDD region 421 
of the n-channel TFT is in the range of about IxlO 17 to about 
lxlO^/cnr 5 , within which the region functions as an LDD region. 

[0254] Then, after the resist mask 422 is removed, a photore- 
sist doping mask 425 is provided in the active region 415n of 
the n-channel TFT , as illustrated in FIG. 6B. The photoresist 
doping mask 425 with a thick side wall is provided so as to 
cover the LDD region 421 with only a peripheral portion of the 
active region 415n being exposed, as illustrated in FIG. 6B. 
At this time, no mask is provided for the p-channel TFT, 
whereby the TFT is entirely exposed. Then, an impurity giving 
p-type conductivity (boron) 426 is implanted into the active 
regions by an ion doping method using the resist mask 425 and 
the gate electrode 417p of the p-channel TFT as masks. Dibo- 
rane (B 2 H 6 ) is used as the doping gas, the acceleration voltage 
is set to about 40 kV to about 80 kV (e.g., 65 kV) , and the 
dose is set to about IxlO 15 cm -2 to about IxlO 1 cm" 2 (e.g., about 
7X10 1 cm" 2 ). For the n-channel TFT, a region 428n doped with a 
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high concentration of boron 426 will later function as the get- 
tering region of the n-channel TFT. The region of the active 
region 415p of the p-channel TFT other than the channel region 
420p under the gate electrode 417p, which has been doped with a 
low concentration of n-type impurity (phosphorus) 419 in the 
previous step, is doped with a high concentration of boron 426, 
whereby the conductivity type thereof is inverted from n type 
to p type and the region will later be a source/drain region 
427 of the p-channel TFT. Moreover, the region 424, which has 
been doped with a high concentration of phosphorus 423, is 
doped with an even higher concentration of boron 426, thereby 
forming a gettering region 428p of the p-channel TFT. The con- 
centration of the p-type impurity element (boron) 426 in the 
region 427 and the regions 428n and 428p is preferably about 
l.SxlO 19 to about 3xl0 21 /cm 3 . The concentration is about 1 to 2 
times that of the n-type impurity element (phosphorus). The 
gettering region 428n of the n-channel TFT and the gettering 
region 428p of the p-channel TFT are regions that have been 
doped with phosphorus 423 (in the previous step) and with boron 
426 (in the current step). 

[0255] As described above, each of the n-type impurity and 
the p-type impurity is selectively doped by using a photoresist 
for covering regions that do not need to be doped with the im- 
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purity, thereby forming the heavily- doped n-type impurity re- 
gion 424 and the p-type impurity region 427 and forming the 
gettering regions 428n and 428p, thus obtaining an n-channel 
TFT and a p-channel TFT. Note that n-type and p-type impurity 
elements are added in this order to the semiconductor layer in 
the present preferred embodiment, the order is not limited to 
this but may be determined appropriately for each specific ap- 
plication. 

[0256] Then, after the resist mask 425 is removed, the second 
heat treatment is performed in an inert atmosphere (e.g., a ni- 
trogen atmosphere). In the present preferred embodiment, a 
heat treatment was performed at about 550° C for approximately 4 
hours. In this heat treatment step, phosphorus and boron doped 
at high concentrations into the gettering region 428n formed 
outside the source/drain region in the active region 415n of 
the n-channel TFT increase the solid solubility of the region 
for nickel, and also form segregation sites for nickel. More- 
over, crystal defects created during the doping process also 
function as segregation sites for nickel. Then, nickel present 
in the channel region 420n, the LDD region 421 and the 
source/drain region 424 is moved from the channel region to the 
LDD region, the source/drain region and to the gettering region 
428n as indicated by arrow 414 in FIG. 6C. Although the 
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source/drain region 424 doped only with phosphorus has a get- 
tering effect, the gettering capability of the gettering region 
428n doped with phosphorus and boron is so much higher that 
nickel is collected into the gettering region 428n. Also in 
the active region 415p of the p-channel TFT, phosphorus and bo- 
ron doped at high concentrations into the gettering region 428p 
formed outside the source/drain region provide a similar func- 
tion, whereby nickel present in the channel region 420p and the 
source/drain region 427 is moved from the channel region to the 
source/drain region and to the gettering region 428p as indi- 
cated by arrow 414. Thus, the second gettering step is per- 
formed. 

[0257] In the second gettering step, first, nickel present in 
the form of solid solution in the channel region 420, the LDD 
region 421 and the source/drain regions 424 and 427 is moved 
into the gettering region 428. As a result, the nickel concen- 
tration is decreased in these regions, whereby Ni silicide 
masses (particularly small masses and masses of lower semicon- 
ductor compounds such as NiSi and Ni 2 Si) remaining in the re- 
gion start dissolving in the region. Then, the newly dissolved 
Ni atoms are also moved into the gettering region 428. Eventu- 
ally, small NiSi 2 masses and lower silicide masses such as NiSi 
and Ni 2 Si masses, which could not be removed in the first get- 
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terlng step, are completely removed, and the concentration of 
solid- solution nickel is also reduced. On the other hand, 
since nickel is moving into the gettering regions 428n and 428p 
in the heat treatment step, the nickel concentration is about 
lxl0 19 /cm 3 or more in the gettering regions 428n and 428p. As 
measured by secondary ion mass spectrometry (SIMS), the nickel 
concentration was decreased to about 5xl0 15 atoms/cm 3 , which is 
close to the measurable lower limit, in the channel region of 
the TFT active region, the junction between the channel region 
and the source/drain region and the junction between the chan- 
nel region and the LDD region. Needless to say, nickel remain- 
ing in these regions is not present in the form of silicides 
but in the form of solid solution, i.e., as interstitial nickel 
atoms . 

[0258] This heat treatment step also activates the n-type im- 
purity (phosphorus) doped into the source/drain region 424 and 
the LDD region 421 of the n-channel TFT and the p-type impurity 
(boron) doped into the source/drain region 427 of the p-channel 
TFT. As a result, the sheet resistance value of the 
source/drain region 424 of the n-channel TFT was about 400 Q 
/square to about 700 Q /square, and the sheet resistance value 
of the LDD region 421 was about 30 kQ /square to about 60 kQ 
/square. Moreover, the sheet resistance value of the 
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source/drain region 427 of the p-channel TFT was about 1 Q 
/square to about 1.5 kQ /square. 

[0259] Then, as illustrated in FIG. 6D, an interlayer insu- 
lating film is formed. A silicon nitride film, a silicon oxide 
film or a silicon nitride oxide film is formed to a thickness 
of about 400 nm to about 1500 nm (typically, about 600 nm to 
about 1000 nm) . In the present preferred embodiment, a silicon 
nitride film 431 having a thickness of about 200 nm and a sili- 
con oxide film 432 having a thickness of about 700 nm were de- 
posited on one another, thereby providing a two-layer film. 
Needless to say, the inorganic interlayer insulating film may 
alternatively be any other suitable silicon-including insulat- 
ing film and may be a single-layer film or a multi-layer film. 

[0260] Then, another heat treatment is performed at about 
300° C to about 500° C for about 1 hour. This step is performed 
for terminating and inactivating dangling bonds that deterio- 
rate the TFT characteristics by supplying hydrogen atoms form 
the interlayer insulating film (particularly the silicon ni- 
tride film 431) to the interface between the active region and 
the gate insulating film. In the present preferred embodiment, 
a heat treatment was performed in a nitrogen atmosphere at 
about 410° C for approximately 1 hour. 
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[0261] Then, contact holes are made in the interlayer insu- 
lating film, and an electrode/line 433 of the TFT is formed by 
using a metal film, e.g., a two-layer film of titanium nitride 
and aluminum. The titanium nitride film is a barrier film for 
preventing the diffusion of aluminum into the semiconductor 
layer. Finally, an annealing process is performed at about 
350° C for approximately 1 hour, thereby obtaining an n-channel 
TFT 434 and a p-channel TFT 435 as illustrated in FIG. 6D. As 
necessary, additional contact holes may be made over the gate 
electrodes 417n and 417p for providing necessary connection be- 
tween electrodes with the line 433. Moreover, a protection 
film made of silicon nitride, or other suitable material, may 
be further provided on each TFT for the purpose of protecting 
the TFT. 

[0262] Each TFT produced according to the present preferred 
embodiment exhibits a desirable field-effect mobility as in the 
third preferred embodiment of the present invention. 

[0263] Furthermore, in the present preferred embodiment, as 
compared with the first or second preferred embodiment, the 
gettering region can be formed in the source/drain region for- 
mation step for each of the n-channel TFT and the p-channel 
TFT. Therefore, it is possible to eliminate additional steps 
for the gettering process (a photolithography step, a doping 
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step and an annealing step). As a result, it is possible to 
simplify the manufacturing process while reducing the manufac- 
turing cost of the semiconductor device and improving the pro- 
duction yield. 

FIFTH PREFERRED EMBODIMENT 

[0264] The fifth preferred embodiment of the present inven- 
tion will now be described with reference to FIG, 7A to FIG, 7F 
and FIG. 8A to FIG. 8D. The present preferred embodiment is 
also directed to a process of producing an n-channel TFT and a 
p-channel TFT on the same substrate. 

[0265] A first base insulating film 502 made of silicon ni- 
tride and having a thickness of about 50 nm is formed on a 
glass substrate 501, and then a second base insulating film 503 
made of silicon oxide and having a thickness of about 100 nm is 
formed on the first base insulating film 502. Furthermore, an 
a-Si film 504 having a thickness of about 20 nm to about 100 nm 
(e.g., about 50 nm) is formed on the second base insulating 
film 503. 

[0266] Then, a catalyst element is added to the a-Si film 
504, and a heat treatment is performed. An aqueous solution 
(aqueous nickel acetate solution) including approximately 10 
ppm by weight of a catalyst element (nickel in the present pre- 
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f erred embodiment) is applied on the amorphous silicon film by 
a spin coating method, thereby forming a catalyst- element - 
including layer 505. This state is shown in FIG. 7A. 

[0267] Then, a first heat treatment is performed in an inert 
atmosphere (e.g., a nitrogen atmosphere). The heat treatment 
is performed at about 520° C to about 600° C for approximately 1 
to 8 hours. In the present preferred embodiment, the heat 
treatment was performed at about 5 50° C for approximately 4 
hours. In this heat treatment, nickel 505 added to the surface 
of the a-Si film 504 is silicified, and the crystallization of 
the a-Si film 504 proceeds using the silicide as nuclei. As a 
result, the a-Si film 504 is crystallized into a crystalline 
silicon film 504a, as illustrated in FIG. 7B. 

[0268] Then, as illustrated in FIG. 7C, the crystalline sili- 
con film 504a obtained by the heat treatment is irradiated with 
laser light, thereby obtaining a crystalline silicon film 504b 
with an improved crystallinity. The crystallinity of the crys- 
talline silicon film 504b is improved significantly by the la- 
ser light irradiation. Also in the present preferred 
embodiment, pulsed oscillation type XeCl excimer laser (wave- 
length: about 308 nm) was used as the laser light. 
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[0269] Then, the crystalline silicon film is etched into a 
predetermined pattern, thereby forming an active region 515n of 
an n-channel TFT and an active region 515p of a p-channel TFT. 

[0270] Then, as illustrated in FIG. 7D, the surface of the 
island-shaped crystalline silicon films 515n and 515p which are 
to be the active regions of the TFTs are exposed to acid 506 
including hydrogen fluoride, thereby performing the first get- 
tering step. In the present preferred embodiment, this step 
was performed by a dipping method (where a substrate is dipped 
entirely in a solution) using a 1% hydrofluoric acid solution. 
With hydrofluoric acid of such a concentration, the treatment 
time is preferably about 60 seconds to about 180 seconds (about 
90 seconds in the present preferred embodiment). After the 
substrate was dipped in the hydrofluoric acid solution, the so- 
lution was substituted with pure water, and the substrate was 
washed and spun dry. Through this step, Ni silicide masses 
(particularly large masses and masses of NiSi 2 ) present in the 
island- shaped crystalline silicon film are selectively etched 
away by hydrofluoric acid 506, thereby leaving minute holes 507 
in the TFT active regions 515n and 515p as traces of the 
etched-away silicide masses. The diameters of the holes were 
about 0.05 U m to about 0.5 U m. Note that the second base 
film 503, being a silicon oxide film, is also exposed to hydro- 
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fluoric acid 506 , and thus the thickness thereof is reduced ac- 
cordingly. However, under the conditions described above, the 
thickness is reduced by only about 30 nm, which does not cause 
a problem. 

[0271] Then, a gate insulating film 516 is formed so as to 
cover the active regions 515n and 515p. The treatment with hy- 
drofluoric acid serves also as a cleaning step preceding the 
formation of the gate insulating film, and a natural oxide film 
on the surface of the active regions 515n and 515p is removed 
while performing the first gettering step. Then, a conductive 
film is deposited on the gate insulating film 516 by using a 
sputtering method, a CVD method, or other suitable method. The 
material of the conductive film may be any one of W, Ta, Ti and 
Mo, which are high-melting metals, or an alloy material 
thereof. Then, as illustrated in FIG. 7E, the conductive film 
is etched to form gate electrodes 517n and 517p. 

[0272] Then, a low concentration of n-type impurity (phospho- 
rus) 519 is implanted into the active region by an ion doping 
method using the gate electrodes 517n and 517p as masks. In 
the present preferred embodiment, phosphine (PH 3 ) was used as 
the doping gas, the acceleration voltage was set to about 80 
kV, and the dose was set to about 2xlO x cm" 2 . Through this 
step, regions of the island- shaped silicon films 515n and 515p 
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that are not covered with the gate electrodes 517n and 517p be- 
come regions 521 doped with a low concentration of phosphorus 
519, and regions that are masked with the gate electrodes 517n 
and 517p and are not doped with the impurity 519 will later be 
channel regions 520n and 520p of the n-channel TFT and the p- 
channel TFT, respectively. This state is shown in FIG. 7E. 

[0273] Then, as illustrated in FIG. 7F, photoresist doping 
masks 522 are provided. In the active region 515n of the n- 
channel TFT, the photoresist doping masks 522 with a thick side 
wall is provided so as to cover the gate electrode 517n, as il- 
lustrated in FIG. 7F. In the active region 515p of the p- 
channel TFT, the photoresist doping masks 522 with an even 
thicker side wall is provided so as to cover the entire active 
region, as illustrated in FIG. 7F. Then, a high concentration 
of an impurity (phosphorus) 523 is implanted into the active 
regions by an ion doping method using the resist masks 522. In 
the present preferred embodiment, phosphine (PH 3 ) was used as 
the doping gas, the acceleration voltage was set to about 80 
kV, and the dose was set to about 5x1 0 1 cm" 2 . For the n- channel 
TFT, a region 524 doped with a high concentration (about lxlO 19 
to about lxl0 21 /cm 3 ) of phosphorus 523 will later be the 
source/drain region of the n-channel TFT. In the active region 
515n, the region that is covered with the resist mask 522 and 
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is not doped with a high concentration of phosphorus 523 is 
left as a region doped with a low concentration of phosphorus, 
which forms the LDD (Lightly Doped Drain) region 521. For the 
p-channel TFT , no phosphorus is implanted into the active re- 
gion 515p. 

[0274] Then, after the resist masks 522 are removed, a photo- 
resist doping mask 525 is provided so as to entirely cover the 
active region 515n of the n-channel TFT, as illustrated in FIG. 
8A. At this time, no mask is provided over the active region 
515p of the p-channel TFT, whereby the TFT is entirely exposed. 
Then, an impurity giving p-type conductivity (boron) 526 is im- 
planted into the active regions by an ion doping method using 
the resist mask 525 and the gate electrode 517p of the p- 
channel TFT as masks. Diborane (B 2 H 6 ) was used as the doping 
gas, the acceleration voltage was set to about 65 kV, and the 
dose was set to about 7x10* cm" 2 . The region of the active re- 
gion 515p of the p-channel TFT other than the channel region 
520p under the gate electrode 517p, which has been doped with a 
low concentration of n-type impurity (phosphorus) 519 in the 
previous step, is doped with a high concentration of boron 526, 
whereby the conductivity type thereof is inverted from n type 
to p type and the region will later be a source/drain region 
527 of the p-channel TFT. 
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[0275] Then, after the resist mask 525 is removed, resist 
masks 529 are formed so as to cover the gate electrode 517n of 
the n-channel TFT and the gate electrode 517p of the p-channel 
TFT, as illustrated in FIG. 8B. With the masks 529, a (periph- 
eral) portion of each of the active regions 515n and 515p of 
the n-channel TFT and the p-channel TFT is exposed. Then, the 
substrate is ion-doped with a rare gas element (Ar in the pre- 
sent preferred embodiment) 530 from above the substrate across 
the entire surface of the substrate. Through this step, the 
rare gas element 530 is implanted into the exposed region of 
each TFT active region. Thus, gettering regions 528n and 528p 
are formed in peripheral portions of the active regions 515n 
and 515p of the n-channel TFT and the p-channel TFT, respec- 
tively. In this step, argon 530 was doped as follows. A 100% 
Ar gas was used as the doping gas, the acceleration voltage was 
set to about 60 kV to about 90 kV (e.g., about 80 kV) , and the 
dose was set to about lxlO 15 cm" 2 to about lxlO 1 cm" 2 (e.g., about 
3X10 1 cm" 2 ). The region covered with the masks 529 is not doped 
with the rare gas element . The rare gas element may be one or 
more rare gas element selected from Ar, Kr and Xe. Moreover, 
in this step, the concentration of the rare gas element in the 
gettering region 528 is controlled to be about lxlO 19 to about 
3xl0 21 atoms/cm 3 . Moreover, through this step, the crystallin- 
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ity of the gettering region 528 is destroyed, thus amorphizing 
the gettering region 528. 

[0276] Then, after the resist masks 529 are removed, a second 
heat treatment is performed in an inert atmosphere (e.g., a ni- 
trogen atmosphere). In the present preferred embodiment, an 
RTA (Rapid Thermal Annealing) process was used. The RTA appa- 
ratus used was an apparatus capable of performing an annealing 
process in a nitrogen atmosphere while rapidly increasing and 
decreasing the temperature by blowing a high- temperature nitro- 
gen gas onto the surface of the substrate. Specifically, the 
substrate is held at about 550° C to about 750° C for about 30 
seconds to 15 minutes, more preferably at about 600° C to about 
700° C for about 1 minute to about 10 minutes. In the present 
preferred embodiment, an RTA process was performed at about 
670° C for approximately 5 minutes. The temperature -increasing 
rate and the temperature-decreasing rate are preferably about 
100°C/min or more (about 200° C/min in the present preferred em- 
bodiment). In the active region of each TFT, a high concentra- 
tion of argon 530 doped into the gettering region 528 formed 
outside the source/drain region and the crystal defects created 
through amorphization during the doping process form segrega- 
tion sites for nickel to effect a gettering action. In this 
heat treatment step, in the active region 515n of the n-channel 
TFT, nickel present in the channel region 520n, the LDD region 
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521 and the source/drain region 524 is moved from the channel 
region to the LDD region, the source/drain region and to the 
gettering region 528n as indicated by arrow 514 in FIG. 8C. 
Similarly, in the active region 515p of the p-channel TFT, 
nickel present in the channel region 520p and the source/drain 
region 527 is moved from the channel region to the source/drain 
region and to the gettering region 528p as indicated by arrow 
514. 

[0277] In the second gettering step, first, nickel present in 
the form of solid solution in the channel region 520, the LDD 
region 521 and the source/drain regions 524 and 527 is moved 
into the gettering region 528. As a result, the nickel concen- 
tration is decreased in these regions, whereby Ni silicide 
masses (particularly small masses and masses of lower semicon- 
ductor compounds such as NiSi and Ni 2 Si) remaining in the re- 
gion start dissolving in the region. Then, the newly dissolved 
Ni atoms are also moved into the gettering region 528. Eventu- 
ally, small NiSi 2 masses and lower silicide masses such as NiSi 
and Ni 2 Si masses, which could not be removed in the first get- 
tering step, are completely removed, and the concentration of 
solid- solution nickel is also reduced. On the other hand, 
since nickel is moving into the gettering regions in the heat 
treatment step, the nickel concentration is about lxl0 19 /cm 3 or 
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more in the gettering regions 528n and 528p. As measured by 
secondary ion mass spectrometry (SIMS), the nickel concentra- 
tion was decreased to about 5xl0 15 atoms/cm 3 , which is close to 
the measurable lower limit, in the channel region of the TFT 
active region, the junction between the channel region and the 
source/drain region and the junction between the channel region 
and the LDD region. Needless to say, nickel remaining in these 
regions is not present in the form of silicides but in the form 
of solid solution, i.e., as interstitial nickel atoms. 

[0278] This heat treatment step also activates the n-type im- 
purity (phosphorus) doped into the source/drain region 524 and 
the LDD region 521 of the n-channel TFT and the p-type impurity 
(boron) doped into the source/drain region 527 of the p-channel 
TFT. As a result, the sheet resistance value of the 
source/drain region 524 of the n-channel TFT was about 400 Q 

/square to about 700 Q /square, and the sheet resistance value 
of the LDD region 521 was about 30 kQ /square to about 60 kQ 
/square. Moreover, the sheet resistance value of the 

source/drain region 527 of the p-channel TFT was about 1 kfi 
/square to about 1.5 kQ /square. In the present preferred em- 
bodiment, a gettering region is formed outside the source re- 
gion or the drain region in the active region of each of the n- 
channel TFT and the p-channel TFT, whereby even if the resis- 
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tance Increases in the source region or the drain region of the 
TFT through the amorphization due to the introduction of a rare 
gas element, it does not cause a problem. 

[0279] After this step, the ratio Pa/Pc between the TO-phonon 
peak Pa of amorphous Si and the TO-phonon peak Pc of crystal- 
line Si in the Raman spectrum as measured by laser Raman spec- 
troscopy is larger in the gettering region of each TFT than in 
the channel region. In a case where a light -transmissive glass 
substrate is used, as in the present preferred embodiment, this 
measurement can be performed from the bottom surface of the 
substrate. Moreover, this condition is maintained even after 
the completion of the TFT because no high- temperature step is 
performed after this heat treatment step. 

[0280] Then, as illustrated in FIG. 8D, an interlayer insu- 
lating film is formed. In the present preferred embodiment, a 
silicon nitride film 531 having a thickness of about 200 nm and 
a silicon oxide film 532 having a thickness of about 700 nm 
were deposited on one another, thereby providing a two -layer 
film. 

[0281] Then, another heat treatment is performed at about 
300° C to about 500° C for about 1 hour. This step is performed 
for terminating and inactivating dangling bonds that deterio- 
rate the TFT characteristics by supplying hydrogen atoms form 
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the interlayer insulating film (particularly the silicon ni- 
tride film 531) to the interface between the active region and 
the gate insulating film, 

[0282] Then, contact holes are made in the interlayer insu- 
lating film, and an electrode/ line 533 of the TFT is formed by 
using a metal film, thereby completing an n-channel TFT 534 and 
a p-channel TFT 535 as illustrated in FIG. 8D. As necessary, 
additional contact holes may be made over the gate electrodes 
517n and 517p for providing necessary connection between elec- 
trodes with the line 533. 

[0283] Each TFT produced according to the present preferred 
embodiment exhibited desirable field-effect mobility as in the 
third and fourth preferred embodiments of the present inven- 
tion. 

SIXTH PREFERRED EMBODIMENT 

[0284] The present preferred embodiment is directed to a 
crystallization method that is different from those of the 
first to fifth preferred embodiments. The present preferred 
embodiment will be described with reference to FIG. 9A to FIG. 
9E. FIG. 9A to FIG. 9E are cross-sectional views sequentially 
illustrating the manufacturing steps of the present preferred 
embodiment . 
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[0285] First, as in the first to fifth preferred embodiments, 
a base film such as a silicon oxide film, a silicon nitride 
film or a silicon oxide nitride film is formed on a substrate 
(a glass substrate in the present preferred embodiment) 601 for 
preventing the diffusion of an impurity from the substrate 601, 
In the present preferred embodiment, a silicon nitride film was 
deposited as a lower first base film 602, and a silicon oxide 
film was deposited as a second base film 603 on the first base 
film 602. The thickness of the silicon oxide nitride film of 
the first base film 602 was set to about 100 run, for example, 
and the thickness of the silicon oxide nitride film of the sec- 
ond base film 603 was also set to about 100 nm, for example. 
Then, an a- Si film 604 having a thickness of about 30 nm to 
about 80 nm is formed by a known method such as a plasma CVD 
method or a sputtering method. In the present preferred em- 
bodiment, an amorphous silicon film was formed to a thickness 
of about 50 nm by a plasma CVD method. In this step, the base 
insulating films and the amorphous semiconductor film may be 
formed successively without exposing the substrate to the at- 
mospheric air . 

[0286] Then, a mask insulating film 605 made of silicon oxide 
is formed to a thickness of about 200 nm. The mask insulating 
film 605 includes an opening 600 through which a catalyst ele- 
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ment is added to the semiconductor film, as illustrated in FIG. 
9A. 

[0287] Then, as illustrated in FIG. 9B, an aqueous solution 
(aqueous nickel acetate solution) including approximately 100 
ppm by weight of a catalyst element (nickel in the present pre- 
ferred embodiment) is applied by a spin coating method, thereby 
forming a catalyst element layer 606. In this step, the cata- 
lyst element 606 selectively contacts the a-Si film 604 in the 
opening 600 of the mask insulating film 605, thereby forming a 
catalyst -element -added region. The catalyst element that can 
be used in the present preferred embodiment is one or more ele- 
ment selected from iron (Fe) f nickel (Ni) , cobalt (Co), ruthe- 
nium (Ru), rhodium (Rh) , palladium (Pd), osmium (Os), iridium 
(Ir), platinum (Pt), copper (Cu) and gold (Au) . 

[0288] Moreover, while nickel is added by a spin coating 
method in the present preferred embodiment, a thin film of a 
catalyst element (nickel film in the present preferred embodi- 
ment) may alternatively be formed on an a-Si film by a vapor 
deposition method, a sputtering method, or other suitable proc- 
ess . 

[0289] Then, a heat treatment is performed at about 500° C to 
about 650 6 C (preferably about 550° C to about 600° C) for ap- 
proximately 6 to 20 hours (preferably about 8 to 15 hours). In 
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the present preferred embodiment, a heat treatment is performed 
at about 570° C for approximately 14 hours. As a result, as il- 
lustrated in FIG. 9C, crystal nuclei are formed in the cata- 
lyst-element-added region 600, and the a-Si film in the region 
600 is first crystallized into a crystalline silicon film 604a. 
Starting from the crystallized region, the crystallization fur- 
ther proceeds in a direction generally parallel to the sub- 
strate (as indicated by arrow 607), thereby forming a 
crystalline silicon film 604b where the crystal growth direc- 
tion is uniform macroscopically . In this step, nickel 606 pre- 
sent above the mask 605 is blocked by the mask film 605 and 
does not reach the underlying a- Si film. Therefore, the crys- 
tallization of the a-Si film 604 is effected only by nickel 
that is introduced in the region 600. Moreover, the region to 
which the lateral growth frontline does not reach is left as an 
amorphous region 604c. Depending on the layout, however, two 
laterally- grown crystal regions coming from adjacent openings 
may collide with each other to form a boundary therebetween, in 
which case such an amorphous region may not be present . 

[0290] After the silicon oxide film 605, used as a mask, is 
removed, the obtained crystalline silicon film may be irradi- 
ated with laser light as illustrated in FIG. 9D so as to im- 
prove the crystallinity as in the first to fifth preferred 
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embodiments. Thus, the crystalline silicon film in the later- 
ally-grown crystal region 604b is further improved in quality 
and forms a crystalline silicon film 604d. 

[0291] Then, the crystalline silicon film in the laterally- 
grown crystal region 604d is etched into a predetermined pat- 
tern, thereby forming an active region 609 of the TFT. 

[0292] The crystallization method of the present preferred 
embodiment may be applied to the crystallization step of the 
first to fifth preferred embodiments so as to realize a TFT 
having a higher current driving power and a higher performance. 
The first gettering step of exposing the surface of the crys- 
talline silicon film to acid including hydrogen fluoride may be 
performed before the laser light (608) irradiation step (before 
the step of FIG. 9D in the present preferred embodiment) as in 
the first and fourth preferred embodiments, or may be performed 
after the laser irradiation step (after the step of FIG. 9D) as 
in the second and third preferred embodiments. Alternatively, 
it may be performed after the formation of the active region 
609 as in the fifth preferred embodiment. 

SEVENTH PREFERRED EMBODIMENT 

[0293] The present preferred embodiment is directed to how to 
arrange, in the active region, gettering regions for moving a 
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catalyst element for crystallizing a semiconductor film as il- 
lustrated in the fourth or fifth preferred embodiment. The 
present preferred embodiment will be described with reference 
to FIG. 10A to FIG. 10D, FIG. 11A and FIG. 11B. 

[0294] By applying the present preferred embodiment to the 
TFT manufacturing process of the fourth or fifth preferred em- 
bodiment, it is possible to form gettering regions of various 
shapes in the active regions of the n- channel TFT and the p- 
channel TFT. Moreover, the catalyst element gettering effi- 
ciency in the n- channel TFT can be matched with that of the p- 
channel TFT by controlling the area of the gettering region in 
the active region of the n- channel TFT to be generally equal to 
that in the active region of the p-channel TFT while control- 
ling the distance from the gettering region to the channel re- 
gion in the n-channel TFT to be generally equal to that in the 
p-channel TFT. Examples of the shape of the gettering region 
formed in the active region will now be shown. 

[0295] Note that controlling the area of the gettering region 
in the active region of the n-channel TFT to be generally equal 
to that in the active region of the p-channel TFT means to con- 
trol the ratio S/W in the n-channel TFT to be generally equal 
to that in the p-channel TFT, where W is the width of the ac- 
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tive region (channel region) and S is the area of the gettering 
region . 

[0296] FIG. 10A shows an example where each of gettering re- 
gions 73a and 74a is arranged remote from the channel region in 
the active region below a gate electrode 75a (in a peripheral 
portion of the active region), and has a substantially rectan- 
gular shape extending substantially parallel to the gate elec- 
trode 75a, with corner portions thereof being generally aligned 
with corner portions of the active region, 

[0297] FIG. 10B shows an example where each of gettering re- 
gions 73b and 74b is arranged remote from the channel region in 
the active region below a gate electrode 75b (in a peripheral 
portion of the active region), and has a substantially rectan- 
gular shape extending substantially perpendicular to the gate 
electrode 75b, with a corner portion thereof being generally 
aligned with a corner portion of the active region. 

[0298] FIG. IOC shows an example where each of gettering re- 
gions 73o and 74c is arranged remote from the channel region in 
the active region below a gate electrode 75c (in a peripheral 
portion of the active region), and has a complicated shape in- 
cluding a substantially rectangular component extending sub- 
stantially parallel to the gate electrode 75c and other 
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substantially rectangular components extending substantially 
perpendicular to the gate electrode 75o, with corner portions 
thereof being generally aligned with corner portions of the ac- 
tive region. With this arrangement, as compared with those of 
FIG. 10A and FIG. 10B, the area of the gettering region can be 
increased, thereby increasing the catalyst element gettering 
efficiency. 

[0299] In any of these arrangements, the gettering region is 
arranged so as not to block a current flow between contact por- 
tions formed in the source region and in the drain region (the 
term "contact portion" as used herein refers to a portion where 
a line for electrically connecting TFTs together is connected 
to the active region). Specifically, the gettering regions 73a 
and 74a of FIG. 10A are arranged so as not to block a current 
flow between contact portions 76a formed in a source region 71a 
and contact portions 77a formed in a drain region 72a. 

[0300] Moreover, the gettering regions 73b and 74b of FIG. 
10B are arranged so as not to block a current flow between con- 
tact portions 76b connected to a source region 71b and contact 
portions 77b formed in a drain region 72b. 

[0301] Moreover, the gettering regions 73c and 74c of FIG. 
10C are arranged so as not to block a current flow between con- 
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tact portions 76o formed in a source region 71c and contact 
portions 77o formed in a drain region 72o. 

[0302] FIG. 10D shows an arrangement that is basically the 
same as that of FIG. IOC, except that gettering regions 73d and 
74d overlap contact portions 76d and 77d, respectively, in or- 
der to further increase the area of the gettering regions 73d 
and 74d so as to further improve the gettering efficiency of 
the gettering regions 73d and 74d. Basically, some overlap be- 
tween the gettering regions 73d and 74d and the contact por- 
tions 76d and 77d does not cause a problem. However, the area 
of overlap should not exceed one half of the area of the con- 
tact portion 76d or 77d. Therefore, the distance between the 
contact portions 76d and 77d and the gettering regions 73d and 
74d needs to be determined appropriately in view of the align- 
ment precision of an exposure apparatus used in a photolitho- 
graphy step for each region to be formed. Note that 
arrangement of the gettering regions is not limited to that of 
the present preferred embodiment, but may be any other arrange- 
ment as long as it does not affect (block) a current flow be- 
tween the source region and the drain region. 

[0303] FIG. HE shows an example where a plurality of gate 

electrodes 75e run through the active region, with a plurality 

of channel regions being provided under the gate electrodes 
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75e. A source region 71e (or a drain region 72e), a gettering 
region 78e and a contact portion 79e are formed between the 
plurality of gate electrodes. Note that gettering regions 73e 
and 74e are formed in peripheral portions of the active region, 
as in the arrangements shown in FIG. 10A to FIG. 10D, and the 
source region 71e or the drain region 72e and contact portions 
76e and 77e are formed between the gettering regions 73e and 
74e. Also in the arrangement of FIG. HE, the gettering region 
73e may alternatively overlap the contact portion 76e. How- 
ever, the area of overlap should not exceed one half of the 
area of the contact portion 76e or 77e. 

[0304] FIG. 11F also shows an example where a plurality of 
gate electrodes 75f run through the active region, with a plu- 
rality of channel regions being provided under the gate elec- 
trodes 75f. In the arrangement of FIG. 11F, two TFTs are 
connected in series with each other while sharing an active re- 
gion, and no contact portion is provided at the junction there- 
between. Thus, this is an arrangement that can be used when it 
is not necessary to take out an electrical signal from the 
junction. Such a TFT circuit is actually used for clocked in- 
verters, latch circuits, and other apparatuses. A source re- 
gion 71f (or a drain region 72£) and a gettering region 78f are 
formed between the plurality of gate electrodes. Note that 
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gettering regions 73f and 74f are formed in peripheral portions 
of the active region, as in the arrangements shown in FIG. 10A 
to FIG. 10D, and the source region 71f or the drain region 72f 
and contact portions 76f and 77f are formed between the getter- 
ing regions 73f and 74f . In the junction region, the gettering 
region 78f is arranged at least not to block a current flow 
from the contact portions 76f to the contact portions 77f . 

[0305] Note that the shape of the active region of a TFT var- 
ies depending on the amount of current required for the TFT . 
Preferred embodiments of the present invention can be used ei- 
ther with a "waist less" arrangement where the width of the 
source/drain region is the same as that of the channel region, 
as in the arrangements shown in FIG. 10A to FIG. 10D and FIG. 
11A and FIG. 11B, or with an "hourglass-shaped" arrangement 
where the width of the channel region is narrowed from that of 
the source/drain region. 

[0306] Regardless of the shape of the gettering region, the 
catalyst element concentration in the gettering region in- 
creases to be about lxl0 19 /cm 3 or more as the catalyst element 
moves into the gettering region in the gettering heat treat- 
ment . 
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[0307] The present preferred embodiment can be used in combi- 
nation with the fourth or fifth preferred embodiment. 

EIGHTH PREFERRED EMBODIMENT 

[0308] FIG. 12A and FIG, 12B are block diagrams each illus- 
trating a semiconductor device produced according to a pre- 
ferred embodiment of the present invention. Note that FIG. 12A 
shows a circuit configuration for analog driving. The semicon- 
ductor device of the present preferred embodiment includes a 
source driving circuit 80, a pixel section 81 and a gate driv- 
ing circuit 82. Note that the term "driving circuit" as used 
herein is a generic term encompassing a source driving circuit 
and a gate driving circuit . 

[0309] The source driving circuit 80 includes a shift regis- 
ter 80a , a buffer 80b and the sampling circuit (transfer gate) 
80o. The gate driving circuit 82 includes a shift register 
82a, a level shifter 82b and a buffer 82o. As necessary, a 
level shifter circuit may be provided between the sampling cir- 
cuit and the shift register. 

[0310] Moreover, in the present preferred embodiment, the 
pixel section 81 includes a plurality of pixels, each including 
a TFT. 
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[0311] Note that a further gate driving circuit (not shown) 
may alternatively be provided on the other side of the pixel 
section 81 from the gate driving circuit 82 . 

[0312] FIG. 12B shows a circuit configuration for digital 
driving. The semiconductor device of the present preferred em- 
bodiment includes a source driving circuit 83, a pixel section 
84 and a gate driving circuit 85. For digital driving, a latch 
(A) 83b and a latch (B) 83c can be provided instead of the sam- 
pling circuit, as illustrated in FIG. 12B. A source driving 
circuit 83 includes a shift register 83a, the latch (A) 83b, 
the latch (B) 83c, a D/A converter 83d and a buffer 83e. The 
gate driving circuit 85 includes a shift register 85a, a level 
shifter 85b and a buffer 85o. As necessary, a level shifter 
circuit may be provided between the latch (B) 83o and the D/A 
converter 83d. 

[0313] The configurations described above can be realized by 
the manufacturing processes of the first to seventh preferred 
embodiments above. Although only the pixel section and the 
driving circuit are illustrated in the present preferred em- 
bodiment, a memory or a microprocessor can be formed according 
to the manufacturing process of preferred embodiments of the 
present invention. 
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NINTH PREFERRED EMBODIMENT 



[0314] A CMOS circuit and a pixel section produced according 
to a preferred embodiment of the present invention can be used 
in an active matrix liquid crystal display device. Thus, the 
present invention can be used with any electric devices incor- 
porating such a liquid crystal display device in its display 
section. 

[0315] Such electric devices include a video camera, a digi- 
tal camera, a projector (of a rear type or a front type), a 
head mounted display (a goggle type display), a personal com- 
puter, a portable information terminal (e.g., a mobile com- 
puter, a portable telephone, or an electronic book), and many 
other such apparatuses. 

[0316] With the present invention, it is possible to obtain a 
crystalline silicon film having a desirable crystallinity using 
a catalyst element. Moreover, the catalyst element can be get- 
tered sufficiently, whereby it is possible to greatly improve 
the characteristics of an n-channel TFT and a p-channel TFT, 
thus realizing a desirable CMOS driving circuit having a high 
reliability and stable circuit characteristics. Moreover, even 
with those TFTs whose off-state leak current has been a prob- 
lem, including a pixel switching TFT and a TFT of a sampling 
circuit of an analog switch section, it is possible to suffi- 
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ciently suppress the leak current, which is believed to be due 
to the segregation of the catalyst element. As a result, it is 
possible to realize a desirable display with no display non- 
uniformity. As a desirable display with no display non- 
uniformity is obtained, it is possible to save the use of the 
light source and thus the power consumption. Therefore, it is 
possible to realize an electric device (such as a portable 
telephone, a portable electronic book and a display) with a re- 
duced power consumption. 

[0317] As described above, the present invention can be used 
in a wide variety of applications, and can be used in any kind 
of electric devices. Moreover, an electric device of the pre- 
sent invention can be realized by using a display device that 
is produced based on one or more of the preferred embodiments 
above . 

[0318] The present invention is not limited to those pre- 
ferred embodiments specifically set forth above, but various 
modifications can be made based on the technical concept of the 
present invention. 

[0319] For example, while an etching process with hydroflu- 
oric acid is preferably performed as the first gettering step 
in the preferred embodiments described above, semiconductor 
compound masses of a catalyst element (particularly large 
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masses and higher semiconductor compound masses) may alterna- 
tively be removed by any other suitable method, 

[0320] Moreover, while nickel is preferred introduced by ap- 
plying a nickel salt solution onto the surface of an amorphous 
silicon film in the preferred embodiments above, nickel may al- 
ternatively be introduced onto the surface of a base film be- 
fore the deposition of the amorphous silicon film so that the 
crystal growth is performed while nickel diffuses from the 
layer under the amorphous silicon film. Moreover, the method 
of introducing nickel may be any other suitable method. For 
example, an SOG (spin-on-glass) material may be used as the 
solvent for the nickel salt so as to diffuse nickel from an 
Si0 2 film. Alternatively, nickel may be introduced in the form 
of a thin film by using a sputtering method, a vapor deposition 
method or a plating method, or nickel may be directly intro- 
duced by an ion doping method. 

[0321] Moreover, while phosphorus is used in the second get- 
tering step in the first to fourth preferred embodiments, arse- 
nic or antimony may alternatively be used. While argon is 
doped in the fifth preferred embodiment, krypton and xenon are 
also effective. 

[0322] With the present invention, it is possible to suffi- 
ciently reduce the amount of a catalyst element remaining in 
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the device region (particularly, the channel region, or the 
junction between the channel region and the source region or 
the junction between the channel region and the drain region) 
of a crystalline semiconductor film with a desirable crystal- 
linity that is produced by using a catalyst element. With a 
TFT using such a semiconductor film, it is possible to suppress 
the occurrence of a leak current and to improve the reliabil- 
ity, and it is possible to realize a high-performance semicon- 
ductor element having stable characteristics with little 
characteristics variations. Furthermore, it is possible to re- 
duce the additional steps for the gettering process, thereby 
simplifying the manufacturing process. As a result, it is pos- 
sible to significantly improve the production yield and to re- 
duce the manufacturing cost of the semiconductor device. 

[0323] Therefore, with the present invention, it is possible 
to realize a high-performance semiconductor element, and it is 
possible to obtain a highly-integrated, high-performance semi- 
conductor device with a simple manufacturing process. Particu- 
larly, with a liquid crystal display device, the present 
invention provides an improvement in the switching characteris- 
tics of a pixel switching TFT, which is required for active ma- 
trix substrates, and an improvement in the performance and the 
degree of integration, which is required for TFTs of a periph- 
eral driving circuit section. Therefore, in a driver - 

154 



monolithic active matrix substrate having an active matrix sec- 
tion and a peripheral driving circuit section formed on the 
same substrate, it is possible to reduce the size of the mod- 
ule, improve the performance thereof, and reduce the cost 
thereof, 

[0324] While the present invention has been described with 
reference to preferred embodiments thereof, it will be apparent 
to those skilled in the art that the disclosed invention may be 
modified in numerous ways and may assume many embodiments other 
than those specifically set out and described above. Accord- 
ingly, it is intended by the appended claims to cover all modi- 
fications of the invention which fall within the true spirit 
and scope of the invention. 
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